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H E N R Y  J, D U B E S T E R  
IN THE PAGESthat follow, some key issues and 
problems are explored and explicated with respect to the possibilities 
and requirements of a national program looking toward library auto- 
mation. Library automation is a subject that has a good grip on the 
imagination and energies of an increasing number of librarians. Never- 
theless, it is a young effort even as these are counted in this rapidly 
growing and changing field. Very few individuals within the library 
community can address the problems posed in the title of this issue of 
Library Trends with either confidence or expertise. The authors of the 
articles that follow can be numbered among such experts. It seems 
appropriate, however, to describe some of the steps that were taken to 
enlist their cooperation. 
The initial overture by the editor of this issue of Library Trends was 
cast in terms of a prospective title describing an issue devoted to “Sys- 
tem Design for a National Program of Library Automation.” That title 
was rejected in favor of the present one which doubtless proved more 
felicitous in several ways. It removed concern that the collection of 
articles would yield a system design. It also shifted the focus to prob- 
lems and issues that would need resolution no matter what the design 
of some eventual program for library automation might be. This 
tended to free prospective authors from time constraints and to allow 
them to view the problem set in a broader context. 
What are the salient problems and significant issues which would 
retain essential validity irrespective of the specific character of a na- 
tional program for library automation? It seemed reasonable to identify 
these problems and issues before seeking authors to write about them. 
The advice of the library community, through opinions solicited from 
individuals who could address this question, proved invaluable. Opin- 
ions were sought and received from Scott Adams, Deputy Director of 
Henry J. Dubester is Deputy Head, Office of Science Information Services, 
National Science Foundation, Washington, D.C. 
HENRY J .  DUBESTER 
the National Library of Medicine; Verner W. Clapp, Consultant to 
the Council on Library Resources, Inc.; Richard De Gennaro, Associate 
University Librarian for System Development at Harvard University; 
Herman H. Fussler, Director of the University of Chicago Library; L. 
Quincy Mumford, Librarian of Congress; James E. Skipper, while still 
Associate University Librarian at Princeton University; Vladimir 
Slamecka, Director of the School of Information Science at the Georgia 
Institute of Technology; Charles H. Stevens, a leading staff member 
on Project Intrex at the Massachusetts Institute of Technology; and 
Melvin J. Voigt, University Librarian at the University of California, 
San Diego. The responses reflected the keen interest of the above- 
named “librarians” and also validated the usefulness of pursuing the 
task of collecting writings on this topic. There was considerable overlap 
in the expressions and judgments reflected in the assembled replies. 
Their assessments, however, yielded an outline which was accepted by 
the Publications Board of the University of Illinois School of Library 
Science and which was also provided to each invited author in order 
to describe a framework of reference within which his contribution 
would fit. The outline of topics was rather definite at this point in time; 
the gloss associated with each could be only conjectural and would in-
evitably be modified by the author. I t  should be useful to display this 
initial framework. 
Introduction-Where are we with respect to a national program of 
library automation? Where are we going and what are the necessary 
milestones toward the development of such a program? Essentially, 
this article will provide an assessment of the present situation, of on- 
going activities, and an appreciation of present outlook. 
Standards-There is outstanding agreement on the requirement for 
standards in any future automated library system and therefore agree- 
ment on their necessity as part of the program leading to such a system. 
The explication of standardization requirements in library activities 
pursued in a computerized mode will be the focus of this article. 
Economics-The costs of automation played against the resources 
of libraries is one aspect of this topic. Another aspect is the economic 
value of automated libraries. The latter will be difficult to treat. The 
economic resources are variable when played against Werent types 
of libraries. Cost/benefit relationships are at issue here. 
Manpower-The requirements of the library community, faced with 
an automation program on a national scale, for manpower trained in 
LIBRARY TREND8[428 1 
Introdwtion 
operating, developing, and doing research in computerized information 
processing poses a training and manpower allocation problem which is 
the subject of growing concern and warrants consideration. 
Networks-There is much current concern with impending networks 
as a consequence of automation and computerized transfer of informa- 
tion and data, Everyone speaks of networks but no one knows what 
they are. There are questions of geographic, functional and other rela- 
tionship as well as issues concerning roles and responsibilities with 
respect to network operations and organization, and the topic of initial 
development. In one sense, the entire issue of Library Trends revolves 
around this topic. The problem will be to isolate the network aspects 
from the other topics listed. 
Hardmre-Computer technology and its hardware will play a con- 
tinuing decisive role in any developing program of automation. What 
role does computer hardware play? Is the technology ahead of the re- 
quirements that the library community is capable of explicating? What 
are the inherent promises of computers to which libraries must accom- 
modate in order to exploit the technology in a maximum manner? 
Sectoral Relationship-The intent of this topical heading is to allow 
exploration of the role and responsibilities of government, academia, 
professional societies, libraries, etc., in relationship to a national pro- 
gram. Assuming that economic resources require intervention and sup- 
port of the federal government and possibly that of state and local gov- 
ernment bodies, and further assuming that resources will be contrib- 
uted by the other sectors as well, what are the conditions that need to 
be met to harmonize the various protagonists, provide for program de- 
velopment, facilitate a decision process which at the same time insures 
continuing cooperation and initiative of all participants? 
Retrospective Conversion-This topic was suggested by several of 
the correspondents. The issue is simple: an automated system will 
require that the entire bibliographic record exist in machine-readable 
form. Retrospective conversion of the existing record is necessary. How 
can this be accomplished? Centrally? Cooperatively? What about 
costs? Is the above assertion indisputable? 
Research-The anticipated national program is viewed not simply 
as a one-shot affair. It will be a continuing effort which will need 
support and depend upon the results of research specifically focused on 
library automation. This research is presently fitful and scattered in 
its focus. 
This was the outline, Each author had this overview. Each author 
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on request provided an abstract of the promised article, and each au- 
thor received all the abstracts. As the papers were received, they also 
were forwarded to each author. These articles stand as conceived by 
their authors. The conformance or departure from the topical outline 
reflects their own interpretations and insights, Some generalized infer- 
ences can be made. 
The interrelationships between problems or issues that are concept- 
ually separable becomes ever more clearly evident as the individual 
articles demonstrate. Research and its relevance to library automation 
is a recurring theme as one peruses the treatment of “hardware,” “eco- 
nomics,” “networks,” and other topics in addition to the article on re- 
search itself. The problem of standards becomes a recurring refrain, as 
does the issue of the locus of responsibility for the component aspects 
of deveIoping a national plan and resolving the problems and issues 
posed by the articles. The inference could also be permitted that we, 
the library community, are still quite distant from an effective, coherent 
national program leading to the design of a program for library auto- 
mation. But we are moving closer; indeed, have moved closer even 
within the brief period spanning the conception of this issue and its 
preparation for publication. There is no concerted effort which unites 
the library community with respect to all the problems subsumed under 
the term “standardization.” Nevertheless, the progress of the MARC 
format as a means of exchanging machine-readable catalog information 
and as a national and even international standard is impressive, The 
economics of automation are not sufficiently understood to provide 
concrete foundations for valuation of library services in the context of 
costbenefit analysis; the recognition of data requirements has pro- 
gressed, however, and experience is beginning to accumulate to facili- 
tate analysis. Manpower continues to be a vexing problem, but 
increasingly library schools are generating new curricula that confront 
traditional librarianship with a new breed of information scientists. 
Although library networks are not really extant, and network planning 
still lies ahead, the availability of bibliographic information in a form 
that can be processed by the computer is providing real pressure on 
libraries to face the requirement to exploit the investment in this cap- 
ability. Here libraries are faced with the reality of competition from 
information centers that have begun to provide “on-line” information 
service based on digitalized data bases provided by indexing and 
abstracting services. Some libraries have taken initial steps to assimi- 
late such services within their own operations. Similarly, hardware 
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developments are becoming less alien to the traditional library. Al-
though few have their own computers, many are utilizing computers 
for portions of the internal operations. This, in turn, affects the develop- 
ment and training of library manpower and has significantly reduced 
the scare value of the computer as a replacement for the librarian. Nor 
are hardware developments restricted to the field of computers and 
associated hardware. Microform technology is moving forward and one 
can foresee a coupling with computer technology, as planned by Proj- 
ect Intrex. The dramatic development of central concern for the wel- 
fare of libraries was highlighted in congressional hearings examining 
recommendations looking toward the establishment of a permanent 
Library Commission, and thus providing libraries with an identifiable 
locus in our federal government. Perhaps no more dramatic develop- 
ment can be pointed out than the publication of the report by the Li-
brary of Congress on its study of retrospective conversion,l which 
caught the author of the article on this topic in mid-course. 
These articles, even in combination, do not yield a design for a na- 
tional program of library automation; nor was such design anticipated. 
If the selection of a topic was as judicious as was hoped for, the in- 
sights provided by these authors will be stimulating for future design 
efforts, Their contributions will be most useful, however, if the articles 
generate disagreement and controversy. It is the active engagement and 
concern of the library profession with these problems and issues that 
will ultimately pave the way toward a coherent and concerted effort 
that will exploit the advantages of automation on behalf of library 
service to which we are committed. 
Reference 
1. Conversion of Retrospective Catalog Records to Machine-Readable Form; 
A Study of the Feasibility of a National Bibliographic Service. Prepared by the 
RECON Working Task Force, Henriette D. Avram, chairman, John C. Rather, 
ed. Washington, D.C., Library of Congress, 1969. 
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A NATIONAL program for information transfer 
must consider both the functions that various groups perform and the 
system that their numerous interrelated, but somewhat independent, 
activities constitute. Automation of many of these functions is widely 
regarded as the key for achieving significant advances over the present, 
predominantly manual, national system for organizing and disseminat- 
ing scientific, technical, and other scholarly information. Automation 
of any activity requires that the function of each part and the multiple 
interaction between parts be brought into sharp focus. Usually, the 
first lesson learned in any automation effort is that even though the 
target activity may have been operating with some degree of success 
in the past, it is still not sufficiently well understood to enable the list- 
ing of complete and accurate requirements to guide the specifkation 
of the machine system. As a result, desired improvements are elusive 
and slow to develop. 
The authors of this article represent two specializations in the spec- 
trum of information transfer activities, that of the computer and com- 
munication system engineer and that of the librarian. These points of 
view are combined in examining the requirements for standardization 
in the national efforts to use automation in publication, library, 
abstracting and indexing, and information-retrieval activities. Stand- 
ardization is necessary to both the representation of information and 
to the procedures being developed for handling it. 
The details of standardization represent a major part of over-all sys- 
tem design, Underspecification risks operational failure, or at least it 
endangers over-all operational efficiency and economy. Conversely, 
overspecification can impede future improvements and extensions and 
can raise serious practical obstacles to cooperation. 
Ronald L. Wigington and James L. Wood are with the Chemical Abstracts Service, 
Columbus, Ohio. 
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The concepts of “network” and “service utility“ have often been re- 
ferred to in conceptualizing a national information transfer system.l 
Frequently it is useful to consider analogies as a source for design 
guidance or insight. The national telephone system was one of the 
earliest technologically-based networks to be subjected to scientific 
analysis and design, and in addition, it is one form of an information- 
transfer system. Standardization has played a key role in its successful 
development and operation.2 
A major characteristic of the development of the national telephone 
network, and one that offers a valid analogy for guidance in considering 
the development of a national information transfer network, is that 
improvements are brought about by evolutionary change. Evolution 
in turn involves a succession of standards for each part of the system, 
and compatibility with the rest of the system is an essential require- 
ment for any new part. When the investment in an existing system 
is very large, that system cannot be replaced or revolutionized very 
quickly; it must be changed gradually as the economic and human re- 
sources are available to do so. The standardization of what the system 
handles, and the procedures for doing it, must change with that evolu- 
tion. The standardization must also be effected with great care both 
to gain sound current operations and to facilitate future change. 
The telephone system analogy can be used to illustrate some of these 
points. Prior to the introduction of nationwide long-distance dialing, 
several different formats of telephone numbers existed, several different 
kinds of switching equipment were used, and correspondingly, different 
methods for signalling that equipment were employed in local tele- 
phone systems. Much manual intervention was necessary to establish 
a long-distance connection, and during periods of peak usage, per- 
formance was often poor. Before the installation of the nationwide 
system, a standardized method of expressing telephone numbers was 
established.* It  provided a concise, unique identification of the terminal 
stations in the network, The information to be transferred from one 
point to another in the switching network was that unique identifica-
tion. 
Even though the initial handling facilities did not represent the in- 
formation identically, ways were worked out to translate the form of 
that information and pass it across the internal system boundaries. And 
although manual intervention was used as necessary to make the total 
system function, such intervention was greatly reduced compared with 
the former entirely manual system. As new equipment has been in- 
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stalled over a long period of time, greater homogeneity in standards 
of representation and procedure has been achieved, and performance 
and economy have improved. Still, some heterogeneity remains, and 
always will, because of continuous system change. At all times, how- 
ever, the unambiguous information content of the switching control 
signals had to be preserved and it had to be capable of being trans- 
formed into any form needed for any system function handled by man 
or by machine. 
Standardization is far from being a new subject in information 
handlinga4 For example, that segment of information handling con-
cerned with library science contains many instances of uniform practice 
established to enable the results of work done once to be used effec- 
tively by many and to improve uniformity of the interface to the library 
user. 
A good example of this type of standardization is the descriptive 
cataloging on Library of Congress catalog cards. During 1968, the Li- 
brary of Congress sold over 78 million cards to approximately 25,000 
libraries, firms, and ind i~ idua ls .~  By accepting in part, if not in whole, 
the Library of Congress’ descriptive cataloging, classification, and 
subject headings, the library community saved millions of dollars, and 
at the same time provided standardized access points to its book 
collections. In fact, the 3 inch by 5 inch (7%by 12%cm.) card is itself 
an excellent example of library standardization. 
In  1945, Wilson and Tauber in their classic work, The University Li-
brary, noted that “the progress of a profession is usually marked by the 
cumulation of an increasing number of generally accepted practices.” 6 
In reviewing the number of “generally accepted practices” used by 
the library community, it might even seem that no additional “stand- 
ards” would be required for the part of the national program that in- 
volves library automation. Unfortunately, this is not the case. 
First, there is a serious lack of standards formally approved for the 
information field by the American National Standards Institute (ANSI) 
and by the International Standards Organization ( I S 0  ) . Furthermore, 
standards that have been fully approved by these organizations are 
applicable to only a small segment of the over-all information field. 
In  fact, even after useful I S 0  or ANSI Standards have been fully 
formalized, there is a long delay in getting them into widespread use, 
usually because of economic reasons. 
Second, many of the existing generally accepted practices, so often 
mistakenly referred to as standards, are subject to interpretation by 
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different individuals functioning in a variety of environments at differ- 
ent times and are controlled or motivated by differing conditions. An 
example exists in the library field in such generally accepted practices 
as those outlined in the A.L.A. Cataloging Rules for Author and Title 
EntriesJ7the A.L.A. Rules for Filing Catalog CardsJsand in the Rules 
for Descriptive Cataloging in the Library of Congres~.~However, these 
do not lend themselves to simple, concise, rigid specifications such as 
one would find, for instance, in a standard laboratory technique for 
the preparation of a synthetic organic compound or in a mechanical 
dimension standard for machine screws. Records generated by different 
libraries for the same publication can, and usually do, differ consider- 
ably.1° Such situations cannot be automated easily, 
If one accepts the hypothesis that a national program for information 
transfer has as its objectives the development of a coherent system for 
the efficient, effective, and economic transfer of information, then the 
need for a standardization program which is much more extensive than 
anything available to date becomes obvious. 
As in many other fields, automation is being introduced to handle 
an increased load, to provide new and better services or results, and to 
augment scarce human skills, Automation in information handling is 
being achieved through modern technological methods of reprography, 
data processing, and communications, Their use emphasizes the need 
for standardization. The power of humans to interpret information in 
many forms and to build their own intellectual bridges between system 
segments will no longer be sufficient to the task. 
In fact, replacing this “non-productive” human intervention is one of 
the improvements hoped for through automation. Information interpre- 
tation by machine, however, requires great detail of specification and 
uniformity of practice. Machines can transform between unambiguous 
alternate forms, but they cannot “understand and re-express informa- 
tion or resolve ambiguity through experience-at least the machines 
of today and the immediate tomorrow cannot. 
A national information transfer automation program will also place 
added emphasis on the concept of shared resources. Few, if any, mod- 
ern libraries are totally self-sufficient; neither is the library community, 
when viewed collectively. While libraries have managed to produce 
for themselves the bibliographic descriptions of their book collections, 
they have for the past 100years been almost completely separated from 
the work of providing content analysis information for their periodical 
and serials collections. The need to find solutions to the standardization 
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problems and to perform the tasks imposed by a national program pre- 
sents problems that transcend the confines of the library community 
and confronts instead the entire information-handling community 
which is comprised of the efforts and activities of authors, users, pub- 
lishers, dealers, and abstracting and indexing services, as well as li- 
braries. The standardization requirements of a national program for 
information transfer are affected by a wide range of diverse, yet inter- 
related factors. 
There are many levels of standardization. At the document-handling 
level, microforms and reprography may be used to reduce storage 
volume and cost by providing selective copies to information users in 
place of the mass distribution of documents or the removal of source 
material from “lending libraries.” But it will not be practical to use 
the technology of microforms and reprography on a national scale and 
reap the full potential benefits until there is a widespread compatibility 
at prices that are comparable with the rest of the image media, until 
there is equipment to produce microforms and equipment to view and 
copy them to full document size, and until a solution to the very 
complicated and serious problems involving copyright and appropriate 
usage charges is found. A system based on medium-to-medium recopy- 
ing to bridge different forms has only limited practicability because 
photographic recopying cannot maintain the necessary image quality 
through an unlimited number of copy generations. Continued tech- 
nological developments may ameliorate this limitation, but today’s 
technology is definitely limited in this respect. 
Computer-readable information-transfer media are currently receiv- 
ing much attention with respect to standards.ll The physical recording 
medium, and the character sets-both the graphic shape and coded 
representation-have been treated in considerable detail. Data formats 
and file organization are also being given increasing attention.12 
The field of information transfer must not be exclusively concerned 
with these machine factors in the standardization required for large 
scale national and international systems, however. The representation 
of the content of the information carried through or on the transfer 
media must also be designed for effective machine handling. This may 
well be the most important area to consider for standardization. The 
chief problem is the avoidance of ambiguity. A secondary problem is 
that of acquiring the highest practical degree of uniformity necessary 
to make the process as economical as possible. 
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As for content representation, consideration must be given to: 
1) forms derivable from original information via a set of rules, or 
conversely, from requirements placed on the originator of information 
to provide specific data items in specific forms (examples: author name 
formats, titles, and representation of dates); 
2)  codes maintained by an accepted authority and given specific 
meanings by definition (examples: American Society for Testing and 
Materials-CODEN, Standard Book Numbers, Library of Congress 
Catalog Card Number, and Chemical Abstracts Service Chemical 
Compound Registry Numbers); and 
3) transformations allowable independent of machine handling (ex-
amples: transliteration rules from non-Roman to Roman alphabets, 
and handling of diacritical marks ). 
The President's Task Group for the Interchange of Scientific and 
Technical Information in Machine Language ( ISTIM ) recommended 
in their final report that: 
USASI Committee 239 in cooperation with concerned organizations 
for indexing and abstracting give high priority to the development 
of a standard procedure for citation and that this be disseminated 
to the publishers of primary and secondary literature for early con-
sideration . , , that 239 pursue the development of standards cita- 
tions to other types of materials, such as books, patents, etc. . . . 
and that particular efforts be made during the immediate future 
within the normal framework of 239 to enhance and enlarge the 
participation in 239 by the major organizations directly involved in 
mechanized bibliographic data handling. In this connection, it is 
recommended that the scope statement and name of 239 be en-
larged to encompass the related discipline of information science.'8 
ANSI (formerly USASI) Committee 239 has thus been identified 
as a mechanism through which these standards of primary importance 
can be formulated on a national basis. The recently published SAT-
COM Report14 also emphasized the broad role of 239 in reaching 
agreements on bibliographic practices among libraries, documentation 
centers, and the abstracting and indexing services. These recommenda- 
tions reflect what is actually being done by 239, which has been sup- 
ported in its efforts, since 1961, by the National Science Foundation 
and the Council on Library Resources.16 
In a national program each of the participants becomes a node in a 
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network and the interactions between pairs of nodes can be sig-
nificantly different in different parts of the network, For example, the 
transfer of information between a library as a node and the library 
client as a node may be quite different from that between a content- 
analysis center (such as the Library of Congress cataloging depart- 
ment or an abstracting and indexing service) and a library. The format 
of a machine-readable record is simply the framework which carries 
the defined elements of data or character strings within the machine 
record. In the context of a national program, then, the prime considera- 
tion with respect of formats should be focused on communication or 
interchange of information between nodes and not necessarily the 
formats used to process the information (store, search, or retrieve) at 
any specific organization. It may not be necessary, or even desirable, 
that the machine formats be uniform throughout the network, but it 
is mandatory that the content representations be uniform and that 
they be translatable into all formats used to carry that information. 
To date, the most widely publicized format for English monograph 
bibliographic data distribution is that developed at the Library of 
Congress, the MARC I1 format.lB This format is currently pending for 
acceptance by the ANSI as the USA Standard for a Format for Biblio- 
graphic Information Interchange on Magnetic Tape. This format is 
being tested and is gaining acceptance by the library community.17 
There are other formats, such as the ones being introduced in their 
respective fields by the Institute of Electrical and Electronics Engi- 
neers, by the American Institute of Physics, by the BioSciences Infor- 
mation Service of Biological Abstracts, by the Chemical Abstracts 
Service, and the one proposed by the Joint Agreements Group,lB for 
the handling of a combination of bibliographic information and other 
forms of information such as chemical structures, physical data and 
biological properties. 
Regardless of their importance to the solution of current problems, 
none of these present forms will, in the authors’ opinion, be the back- 
bone of the eventual national interchange program with its broad 
range of requirements. The success of a national program depends 
upon having a standard interchange format, or a campatible set of 
interconvertible ones, but precisely what this format, or these formats, 
should be is still a topic to be addressed by the participants in the na-
tional program. Moreover, some solid experience with present forms 
is needed now to further the development of a format suitable for 
broad-scale national use. The successful acceptance of any format as a 
LmmRy TRENDS[438 1 
Standardization Requirements 
format for a national program depends on several factors. Among them 
are the amount of useful data made available in the format from any 
source, and how well it stands the test of usage, 
We have strongly emphasized the necessity of being unambiguous 
in the representation of information content in a machine-readable 
record, and the necessity of being able to translate that content into 
any form needed for processing in any part of the information net- 
work. The approach that is being adopted very widely in the informa- 
tion community, for example, in MARC 11, in the Chemical Abstracts 
Service Standard Distribution Format, and in the discussion of the 
Joint Agreements Group, is the definition of data elements and the 
labeling of those data elements as information transfer media by pub- 
lished codes. Data elements then are defined as units of information 
within the system. Customarily, a data element or unit of information 
contains a tag or identifier and the content, For example, in the MARC 
I1 system, the tag 245 or TIL has been assigned to the variable field 
entitled “Title Statement.”19 In this way, the user of MARC I1 
formated tapes knows that a data element tag 245 or TIL contains 
the title of the monograph represented by the record. Similarly, in 
the Chemical Abstracts Service Standard File Format, data element 
200 is the CODEN of the source journal. 
The information community has not yet evolved to the point where 
these data element tags are standardized, and it is far from the point 
where the transfer formats themselves are identical in implementation. 
In May 1967,239 Subcommitte 2 (Machine Input Records), Special 
Project on Data Elements, published a composite list of bibliographic 
data elements applicable to the full range of bibliographic forms.20 
In August 1967, Subcommittee 2 under the direction of chairman 
Henriette Avram, Information Systems Office, Library of Congress, 
met and concluded that: 
The most useful next step for the SC/2 would be to draft a general 
statement which would establish a medium of exchange between 
various producers and users of bibliographic information. The gen- 
eral principle of identification or tagging of data elements would 
be emphasized, but there would be no attempt at specifying all 
data elements to be ident8ed in all bibliographic forms.21 
Since that August 1967 meeting, an increasing number of machine- 
readable data bases have become available to the information-
handling community, In science and technology alone Cohan22 lists 
289 such services, some of which are available on a subscription basis 
APRIL, 1970 [439 1 
RONALD L. W I G I N G T O N  A N D  J A M E S  L. WOOD 
while others are available in an experimental form only. The data- 
element identification work done by the Information Systems Office 
of the Library of Congress for the MARC I1 format for monographs, 
and more recently the working document for the MARC format for 
serials, have been the data-element lists furnished from the library 
community. The abstracting and indexing community has published, 
or has made available to interested parties, sets of data elements in- 
cluding those issued by the International Atomic Energy Agency for 
its International Nuclear Information Service (INIS) and by the 
Chemical Abstracts Service. 
There is ongoing work on data-element specifications that may have 
a direct bearing on the national plan for automated information trans- 
fer. T h i s  is the work of the Joint UNESCO/International Council of 
Scientific Unions UNISIST project 23 and the National Federation of 
Science Abstracting and Indexing Services, Bibliographic Citations 
Committee (NFSAIS-BCC).24 The ultimate goals of these two work-
ing groups is to develop an optimal set of interchange data elements 
that will be acceptable to the abstracting and indexing services whose 
stafE are members of International Council of Scientific Unions- 
Abstracting Board (ICSU-AB) and NFSAIS respectively. 
During the past two years, ANSI 239 Committee has addressed its 
efforts vigorously to the data-element identification and specification 
problem. Its subcommittees are currently working on the following 
data elements: a )  country names and political subdivisions (such as 
countries of the United Kingdom, republics of the Soviet Union, states 
and counties of the United States, and provinces of Canada), b )  
calendar dates, c )  languages, d )  names and addresses of libraries, e)  
names and addresses of book dealers, and f )  names and addresses of 
publishers. In addition, 239 committees are working to develop Stand- 
ard Book Numbers (SBN) and Standard Serial Numbers (SSN). 
Standardization of each of these data elements and of many others 
is required for a national program. 
It  is apparent that a more comprehensive and coherent attack will 
have to be made on the data-element standardization problems than 
has been waged in the past. Such an effort could merge and unify the 
results of various national and international group efforts, such as 
those of NFSAIS-BCC, MARC, UNISIST, and individual and collec- 
tive abstracting and indexing services, into a coherent set of com-
munity-acceptable standards. Optimal standardization will require 
some sacrifice of traditional practices of individual members of the 
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over-all information-transf er community. However, the eventual bene- 
fits of such standardization to a national program would far outweigh 
any restrictions on current practices or any other disadvantages it 
might bring about. Getting into position to achieve this standardiza- 
tion is a difficult task. 
There are many bibliographic data fields that can be adequately ex- 
pressed for interchange purposes in the forms of abbreviations or 
codes rather than complete data. A name of a country, for example, 
can be represented by a coded form on an interchange record and can 
be expanded to a full name or, if necessary, reduced to an abbrevia- 
tion of that name on output. 
The advantages of code utilization are many. Less input transcrip- 
tion (keyboarding) is required, and the fewer the characters, the less 
the chance for error. There are fewer characters to proof, fewer to 
correct when errors do occur, and fewer to store and transmit. Codes 
are also amenable to the use of check characters for error detection. 
Translation of the code to the assigned value has an inherent degree 
of flexibility. Codes become a kind of Esperanto, or universal language. 
For example, a serial publication might carry titles on its cover in 
several languages. The standard serial code for one processor would 
translate to the version of the language most meaningful for his clients’ 
requirements, while for another processor the code could translate to 
a library catalog entry or to the title abbreviation for still another lan- 
guage. 
Earlier in this paper the authors identified several data elements 
that lend themselves to coding, including place names, languages, pub- 
lishers, libraries, books, and serials. Several organizations have already 
developed authority files for codes for their internal use and for use 
by their clients. There has also been some effort to standardize codes 
and their coded values. The recently published Federal Information 
Processing Standards (FIPS) include coded values for calendar 
dates,25 for states of the United States,26 and for counties within the 
~tates.~7The International Organization for Standardization has also 
published a recommendation relevant to this effort?* The national 
program for library automation or information transfer will require 
the identification of those bibliographic data elements whose contents 
can be best represented by codes and then the standardization of the 
codes and the data they represent. 
Another area that will require standardization is transliteration. The 
transliteration problem includes not only those languages using ideo- 
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graphs or non-Roman alphabets, but also those languages using 
alphabets that contain more than the twenty-six letters used in the 
English language. In 1969, the International Organization for Stand- 
ardization published a revision of its 1955 Recommendation 9: Inter-
national System for the Transliteration of Cyrillic Characters.29 This 
standard is worthy of serious consideration by the program. The Inter- 
national Organization for Standardization Technical Committee 46 
Documentation Meeting held in Stockholm during October 1969 in- 
cluded discussions of the transliterations of Yiddish, Chinese, Japanese, 
Arabic, Hebrew, and non-Slavic Cyrillic languages. Eventually these 
discussions must culminate in community-acceptable standards. 
If direct compatibility of data-element form and content of the vari- 
ous systems comprising a national program is to be achieved, then the 
full range of the transliteration problems mentioned above must be 
subject to rigid standardization, However, if only convertibility is re- 
quired, it can be achieved with “softer” standards. Convertibility will 
require that each organization producing bibliographic records make 
known in detail the codes, their values, and the transliteration schemes 
that it employs. Care must be taken to insure that these local trans- 
literation schemes do not lose information in the process. 
The following statement from the Library of Congress reflects on 
both the national program requirements for transliterations and the 
need to standardize these transliteration schemes. 
Until a definitive character set for nonroman alphabets and the tech- 
niques for input, storage, and output of such characters can be de- 
veloped, all information will be entered into the serials system in 
romanized form, The romanization or transliteration schemes pre- 
sently applied by the Library of Congress will be used when cata- 
loging publications in nonroman alphabets or nonalphabetic lan- 
guages?O 
Transliteration problems in the library and information community 
are analogous to the character-set problem of the computer system 
field. The needs of a printer, a telegrapher, an information-retrieval 
system, and a data-processing system, are all different. However, each 
of these has an impact on the national information transfer system. 
True standards have been formalized only for the data-processing 
system that handles strings of character data (e.g., ANSI 7-bit 
character set) However, for a national system to operate success- 




The problem of general semantics in text is so complex as to far 
exceed the problems of character sets and of data elements. Within a 
specialized field, a thesaurus is often used to provide a standardized 
set of relationships among terms including synonyms and hierarchical 
relationship^.^^ It is fortunate that much can be accomplished in a na- 
tional information-transfer program before tackling the problem of 
standardization of thesauri. This is because most of the attention at  
this time is focused on automated dissemination of, or access to, 
information, and not on the machine interpretation of it. There is 
much research on information retrieval concerned with machine in- 
terpretation of ordinary text. Unfortunately, this research has not yet 
matured to the point that it can be considered a major feature of a 
national information-transfer system. Furthermore, before it can be 
fully effective, the “data input” problem must be solved to get most 
relevant text into machine-readable form, 
Because of the heterogeneity of the various links in a national in- 
formation-transfer network and the immensity of the system relative 
to any change that can be made in it by any one effort, the authors 
have departed from the usual idealistic view of standardization as 
the achievement of total uniformity in the representation and handling 
of information. While no opportunity to achieve such uniformity 
should be wasted, progress will have to be achieved step-by-step as 
each part of the system develops. 
In  the analogy from the national telephone system, there existed a 
single management-planning and decision-making authority for most 
of the system involved, I t  could force the network design and stand- 
ardization so that local, non-optimal actions could be taken to achieve 
over-all optimization, In  contrast, there are many major centers of 
influence involved in the information problems: 
a )  national libraries and the general library community, 
b )  abstracting and indexing services, 
c )  major scientific and technical societies and their publications 
and conferences, 
d ) large mission-oriented activities of the US.  government, 
e ) organizations that develop and sell communication, computer, 
and reprography technology on which a modern national network 
depends, 
f ) consumers of information, a large heterogeneous group of per- 
sons and organizations with diverse and sometimes conflicting needs, 
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g ) commercial publishing and information-handling enterprises, 
and 
h) generators of information in a multitude of forms. 
Any attempt to present the above in any order of precedence, im- 
portance, or impact, is foolish; there is, therefore, no single entity, 
nor is there likely to be, with sufficient skills, prestige, resources, and 
authority to assume the role of monolithic management. 
Thus, planners for the evolution of the national information net- 
work, and the developers of the standards which guide it, must take 
this difference into account as they strive to make the technological 
potential a reality. The network must grow together, forced only by 
common need and the recognition of all parties that cooperation and 
perseverance alone will lead to the desired result. The importance 
of the various standards organizations as the final mechanism for 
recognizing the transformation of “accepted practice” into formal 
standards thus becomes evident. And a necessary preliminary to crest-
ing these formal standards is the step-by-step experience of individuals 
and groups who work to solve the problems of ambiguity and incom- 
patibility between nodes in the system. 
Finally, we cannot consider the development of a national informa- 
tion transfer network without considering the international implica- 
tions. Much of the information handled in scientific, technical, and 
scholarly publications in the national system originates outside of the 
United States. Any national system in the United States has an inter- 
national impact. Furthermore, some of the organizations that will be 
instrumental in achieving standards, such as International Organiza- 
tion for Standardization and UNISIST, are international organizations. 
Thus, while we work toward achieving an improved national informa- 
tion-transfer system, we must be acutely aware of these international 
relationships, 
As the expression of the major significant details in information- 
transfer system design, standards of representation and practice, 
agreed to and used by all parties, become the guiding mechanisms 
which replace unified management. As such they take on an impor- 
tance in achieving progress in national, and international information 
transfer which is beyond the technical importance normally associated 
with standards. All parties, however, must be patient with the in- 
evitably slow development and utilization of those standards. 
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APPROXIMATELY0.1  PERCEST of our Gross Na- 
tional Product (GNP) is devoted to libraries, yet library operations are 
basically the same today as they were twenty years ago. And, while li- 
brary operations continue unchanged, the cost pressures are intensify- 
ing. Across all libraries, personnel costs comprise about two-thirds of 
total expenditures. The excellent study by Rlathematica ( a  research or- 
ganization) performed for the National Advisory Commission on Li- 
braries shows that the increase in the cost of library operations must 
be more rapid than the increase in the cost of living because there has 
been no improvement in productivity per man-hour to offset the cost 
increases. This means that there is a higher rate of inflation in libraries 
than in the economy as a whole; that is, the cost of living reflects the 
net effects of both personnel costs and productivity in the economy as 
a whole. In our society the cost of living has not risen as rapidly as 
personnel cost because there have been increases in productivity. But 
there has been virtually no increase in productivity in library opera- 
tions; therefore, the increase in library personnel costs must cause 
an increase in total library costs which is greater than that of the cost 
of living. 
Those who are concerned with obtaining the funds to support li- 
brary operations are justified in their feelings of crisis. In order to 
provide even the same level of service, total library costs will continue 
to increase as personnel costs increase year by year. Adding to this 
the increasing demand for library services in the form of a more 
literate population, more students, etc., it would not be surprising if 
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some areas of library service were to suffer. Even though it is im- 
pressive that total library funding has doubled within a decade, it is 
not clear that this can continue. 
Computer-based library automation is being cited by many as signal- 
ing a fundamental change in library operations which will radically 
alter the productivity of the individual librarian and thus, break the 
direct relationship between personnel costs and the costs of library 
services. While accepting this point of view as theoretically sound, 
we should question more closely why there has been so little change 
in library operations in the past and whether anything has occurred 
that will allow the rate of change to increase. 
We are in the fortunate position of being able to obtain tentative 
answers to these questions. In recent years, economists have been im- 
proving our understanding of the processes of technological change. 
It is the purpose of this article to consider library automation in the 
light of this understanding and to interpret its implications. The econo- 
mists’ work indicates that the low rate of change in library operations 
can be attributed to structural features of libraries and also to im- 
proper models of technological change in libraries, both of which 
remain largely unchanged. 
Given the present organization of the library field, it appears that 
by 1980 an increase in productivity of perhaps 30 percent will be 
possible, but this increase may be in effect in only half of the field 
due to the size of libraries and the problems in transmitting the 
necessary knowledge of the new techniques, Compared with the po- 
tential for change and the need for change, this rate does not seem 
high enough. Therefore, at the conclusion of this paper, some prob- 
lems and possible solutions are sketched which should increase the 
rate of change in library opgrations in the coming decade. 
The greatest need is for a program that combines the research, de- 
velopment and application of automated procedures. To obtain this, 
some research and development groups should be identified and 
charged with these responsibilities for the library community as a 
whole, Another need which will have to be met is the increasing 
shortage of qualified librarians. This shortage will be heightened by 
the new knowledge requirements for those organizing and operating 
automated library systems combined with the expanding demands for 
library services. This shortage can be met by establishing a program 
of supplemental education for present librarians and for those entering 
the field. 
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Status of Libraries and Library Automation 
While it is not within the scope of this article to review extensively 
the current status of libraries and library automation, it is nonetheless 
necessary to provide a brief summary of that status in order to relate 
it to the economic influences on technological invention and applica- 
tion, 
Let us begin by summarizing some of the cost and size character- 
istics of the targets of the automation efforts-the libraries: 1) they 
are small organizations (in relation to industry), 2 )  there are a large 
number of them, 3)  personnel constitutes the major cost (two-thirds) 
of library operations, 4) taken together, libraries are a noticeable por- 
tion of the national economy (approximately 0.1 percent of the GNP), 
and 5) libraries are growing. Consider the following data. 
Industrial organizations with annual sales of less than $50 million 
are usually considered small. By contrast, for 1965-66, only sixty-two 
college and university libraries were reported to have total operating 
expenditures of over $1 million, and the largest of these had a total 
of less than $7 million. Total operating expenditures for these sixty- 
two libraries were $122 million. However, a total of 2,207 college and 
university libraries reported total operating expenditures of only $320 
million. Thus, after removing these sixty-two relative giants, the re- 
maining libraries had an average annual operating expenditure of 
$92,000.2 For the same period (from 1965-66), there were 1,178 public 
libraries serving communities with populations of 25,000 or more. The 
largest of these had expenditures of $16 million. The 270 libraries serv- 
ing populations over 100,000 had total expenditures of $256 million 
(average, $950,000), while the remainder of the 1,114 reporting (not 
all of the 1,178 libraries reported expenditures ) had expenditures of 
$88 million (average, $104,000) .3 
During that same period, there were 26,500 professional staff and 
45,000 non-professional staff ( both measured in full-time equivalents) 
in all of these university, college, and public libraries. The staff costs 
were $405 million, or 60 percent of the total expenditure. Staff costs 
are about evenly divided between the professional and non-profes- 
sional categories4 
There are still more libraries to be accounted for, especially high 
school, elementary school, and special libraries. Though the statistics 
reported are uneven, the Bowker data indicate a total of nearly 28,000 
libraries of all types (including university, college and public li- 
braries ) .5 For 1968, there were library expenditures of approximately 
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$1.5 billion, of which $1.0 billion were personnel costs. This means 
that about 0.1 percent of the Gross National Product is devoted to li- 
braries. 
Finally, the scientific and technical information activities of the 
federal government (STINFO) amounted to about $350 million.6 
While these activities are referred to as “transfer of information,” they 
are very like library activities but are based upon technical documents 
and non-book materials. If they are included, the total expenditures 
for library-related activities in the U.S. in 1970 will probably exceed 
$2 billion. 
The Mathematica study1 has provided the necessary data to project 
the rate of change of these library costs, given a constant level of 
operation. Over the fifteen-year period from 1951 to 1966, salary 
scales were increasing at the rate of 4 to 5 percent per year. Because 
of this, the cost per unit of library operation has risen at the rate of 
2.5 to 3 percent per year.‘ So long as the technology of library opera- 
tions remains the same, costs are likely to increase in this manner, 
even without changes in volume of operation. However, there are also 
changes in volume of operations as a result of increases in purchasing 
levels in response to increasing publication and increasing demand. 
The rate of publication is said to be doubling every fifteen years. Li- 
brary patrons are placing an increasing level of demand on the li- 
braries, and by the end of the century there will be 100 million more 
people in the United States. The implications of this are enormous 
for libraries as well as for all public services. 
With respect to the book collection, the public, college and uni- 
versity libraries discussed above were reported to have 465 million 
volumes at the end of 1965-66.* Of this total, 34 million volumes were 
added during the year. This represents an increase of 30 percent over 
the rate of additions in 1962-63.9 Recent data continue to reflect this 
increase in the rate of addition.1° 
Unfortunately, however, we are not in a position to estimate or 
project total demand for library services because the statistics do not 
report the service aspects of these libraries. For example, none of the 
following is collected on a comprehensive basis: the amount of floor 
traffic, the number of circulations of various loan periods, the number 
of inquiries that are made, and the number of hours that the libraries 
are open and servicing their patrons. One conclusion, however, can 
be drawn immediately: since information about current services is 
not available, it will be extremely difficult to make a quantitative 
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assessment of the service benefits to be obtained from library automa- 
tion. 
In  the early part of this decade, the view was that computer tech- 
nology would have a substantial impact upon the operations of the 
nation’s libraries in the 1960’s. While there have been many individual 
accomplishments, the effect on operations has, by and large, not yet 
occurred. 
With respect to the current status of automation, Hillis Griffin has 
said, “Library automation is an accomplished fact.”ll \Vithout chal-
lenging the accuracy of the comment in the context in which it was 
given, it should be noted that the statement allows the reader to 
interpret library automation as a state of library operation rather than 
a process of changing library operations. Indeed, library automation 
exists as a process and some automated procedures have been de- 
veloped. Computer programs have been developed to assist with the 
file maintenance chores associated with acquisitions, cataloging, and 
circulation. Also, Brown and Jones report on the plethora of first 
applications of specific computer-based techniques for inforination 
storage and retrieval and information center applications.12 However, 
few libraries are using any of these techniques, and there are fewer 
than ten libraries of the more than 3,300 public, college, and uni- 
versity libraries which are using them all. 
Even though little application of automated clerical procedures has 
occurred, such techniques at least have been developed. By contrast, 
scant work has been done on mechanized procedures to assist pro- 
fessional librarians. (In  referring to procedures for professionals it 
is assumed that library tasks divide readily into the clerical and de- 
cision categories. ) No such simple distinctions exist in practice. Tasks 
have a spectrum of routine and decision-malting aspects; thus, non- 
professionals make some decisions and professionals perform some 
routine activities. For convenience, however, we assume that the total 
volume of decision-making activity is equal to the total professional 
man-effort.) It is not a t  all clear that any present system reduces the 
amount of professional effort required to provide library services. 
Thus, the selection decisions, the cataloging decisions and the refer- 
ence-retiieval decisions are made largely unaided and mostly as they 
have been made for years. Indeed, those organizations using automated 
retrieval systems have found that skilled professionals are needed to 
formulate the retrieval requests and to evaluate the results. Thus, the 
demand for professional librarians is increased. At present, one half 
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of a library’s manpower costs are for professional personnel. As a 
result, research in librarianship must be addressed to assisting or 
replacing the professional librarian in the performance of his decision 
tasks. This would allow for the reallocation of the professional li-
brarian’s tasks to meet the increasing demand for library services. 
Returning to the application of existing techniques, what would be 
the benefits and costs on a national basis of the application of current 
automated techniques to libraries? Because of the nature of the sup- 
porting data, the answers must be in the form of conjectures only. 
First of all, let us assume that the level of application we want is a 
computerized system that will handle most of the current housekeep- 
ing chores associated with circulation, acquisiiions, cataloging, serials 
and management records. (Because there is no quantitative character- 
ization of present library services, we are not at this point going to 
attempt to discuss the benefits of automation resulting from the pos- 
sible expansion of current services or the provision of new services. 
Thus, the analysis is restricted to the cost benefit of automation at 
current service levels. ) 
Estimates for a library system such as the one mentioned above 
generally predict a 40 to 60 percent reduction in clerical costs.13 When 
considering application to thousands of libraries, this savings must 
inevitably be cut down because it is an estimate of the best that can 
be done. Such an estimate assumes that when the effort requirement 
is reduced, the man-cost is correspondingly reduced. Yet personnel 
assignments might not change because of a lack of alternative work 
compatible with the remaining tasks that still must be performed. 
Two tasks, each of which is cut in half, may still require the same 
number of people because the tasks may require that a person be in 
a particular place for a specified period of time. For example, the 
tasks at the reference desks in two branch libraries-one medicine 
and the other law-would be difficult to combine satisfactorily no 
matter how low the loads. Similarly, the timing of processing require- 
ments will produce interference. Thus, if telephone calls decrease, 
their sequence of occurrence still might be such that the person an- 
swering them could not do other work effectively. 
As a result of such limitations, my guess is that on an individual 
basis, the libraries of average size ($100,000) or less would not notice 
any reduction in man-effort, while the largest libraries will have a 
reduction of 33 percent in the non-professional man-effort. However, 
processing centers represent a possible method for making the benefits 
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of automation real for libraries with less than a $100,000 annual ex- 
penditure. Therefore] both individual installations and processing cen- 
ter installations should be considered. 
Examining the distribution of sizes of the public, college and uni- 
versity libraries, it appears that approximately 1,000 installations of 
a computerized system (including processing centers) would make 
automated techniques available to those libraries whose cumulative 
personnel costs total $600 million of the library community’s present 
$1billion personnel costs. (This is based upon an assumption that 
there are a large number of libraries or branches with staffs of one 
or two people for which installation would not provide a cost benefit.) 
This leads to an estimate that these libraries would realize a $100 
million savings per year in their non-professional staff costs (which 
are half of the $600 million personnel costs). Over the entire library 
community, this would represent a decrease in labor costs for a con- 
stant level of operation of approximately 10 percent. 
On the basis of these benefits, we can now make a rough estimate 
of the costs for development and installation of our computerized 
system on a national basis. Let us assume that the development and 
first installation of this system is $2 million and that each subsequent 
installation costs $100,000, Further, assume that one system is de-
veloped for every 100 installations and that there are 1,000 installa-
tions, including processing centers. On this basis, ten systems would 
be developed at  a total cost of $20 million. Subsequent installations of 
these systems would cost $100 million, and the total cost would be 
$120 million. 
Economic Influences on Automation 
It seems reasonably clear that the accomplishments of library auto- 
mation during the decade of the 1960s were much less than was 
expected at its beginning. It would be easy to accept the current view, 
which might be paraphrased as follows: At the beginning of the 
1960s the problems of library automation were not understood, and 
they turned out to be much more difficult than anticipated. However, 
most of the problems now have been identified and solved. As a re- 
sult] substantial automation will be accomplished in the next few 
years. 
In  effect, this beguiling approach says: “I am wiser now, so trust 
me.” I question whether we are wise enough. After all, some automa- 
tion proposals made as recently as two or three years ago have been 
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found to be overly optimistic. Against this background, can the esti- 
mates made earlier in this paper be trusted? How can they be checked 
before they are tested by history? Is there any other experience that 
can be used as a cross-check on how wise we have become? 
There is one cross-check that can be applied: the economics of 
changing technology in general. Over the last decade there has been 
a growing interest in this field. Mansfield has produced an excellent 
text which brings together the diverse work that has been done in 
this area.14 I have extracted liberally from this text and the interested 
reader is referred to it, both for extension and for qualification of 
the generalizations. All readers should be aware that only very small 
amounts of data exist to support the general assertions set out by 
Mansfield. Also, there is no data that indicates the degree to which 
these assertions apply specifically to library automation ( although the 
effects of the assertions should be the same). Extensive data collection 
and analysis remains to be done to make our knowledge of technologi- 
cal change more precise. 
In the development and use of a new technology, Mansfield defines 
three stages: technological change, innovation, and the diffusion of 
the new technique. In the first stage, the new technology must be 
invented or discovered. “Technological change” does not refer to a 
change in the use of techniques; it refers to an increase in our fund 
of knowledge about possible goods and services that can be produced 
or about possible methods and equipment that can be used for the 
production of goods and services. Thus, technological change, as 
Mansfield uses it, represents an invention or a new technique that has 
been developed, whether or not it is applied. 
The second stage, innovation, refers to the first use of the new tech- 
nique on an operational basis. Though this may be closely related 
to the technological change, it may also be a separate step performed 
at a later time in a different organization. The third and final stage, 
diffusion, refers to the increased use of the technique until it reaches 
an equilibrium with competing techniques and thus becomes an estab- 
lished one. Ultimately, it may be replaced by newer techniques. Later 
in this article, I combine Mansfields two stages of innovation and dif- 
fusion into a single stage: application. 
The rate of the first stage, technological change or invention, is in- 
creased by: 
1) increases in the demand for the product(s) affected by the 
change; 
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2)  decreases in the availability, or increases in the prices of the 
resource inputs; 
3 )  increases in the number of people working in the field, or re- 
lated fields, in a position to make the changes; 
4) increases in the amount of effort devoted to making modest im- 
provements in operations; 
5) increases in the amount of resources devoted to improvements in 
the capital goods and other resource inputs from supplying industries; 
6) increases in cumulated research and development expenditures 
made by the firm or industry; and 
7 )  increases in firm size in the range of less than 1,000 employees 
to more than 5,000. That is, the percent of sales which is devoted 
to research and development increases and thus, technological change 
is ~timu1ated.l~ 
Libraries appear to be prime candidates for technological change 
insofar as the criteria given are concerned: there have been increases 
in demand for library services, there have been increases in the prices 
of the resource inputs (in the form of increasing salary and wage 
costs), and there have been increasing numbers of people working 
to make changes in the field. Why, then, has there not been more 
discovery of new knowledge or more invention of new techniques or 
equipment? 
One reason is that until recently the expenditures for research and 
development continued at a low level in spite of the increasing de- 
mand for library service, In general, individual libraries cannot afford 
research; that is, the pay-off from research is usually a function of 
the size of the organization, Therefore, in small organizations such 
as libraries, the research is thought to be too risky and the pay-off 
too limited to be worth the portion of the library’s budget that would 
be required. The recent expansion in federal funding of library re- 
search and development is thus extremely important to the stimulation 
of technological changes. 
However, there are further problems in stimulating technological 
change, and these have to do with attitudes about the nature of the 
change required and the resulting allocation of these research and 
development funds, Technological change is characterized either as 
capital-embodied or disembodied change. Capital-embodied change 
requires new equipment (thus, capital investment) for its use, while 
disembodied change, in the form of changed methods and/or organi- 
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zation, can be applied with either existing or new equipment. Of 
course, many changes are mixtures of these two types of change. 
The problem with library automation is that it was improperly 
classified as a capital-embodied change, While the computer per se is 
a capital-embodied change, library automation requires much more 
than a computer; thus, library automation is disembodied change. 
Setting up a computerized system requires a performance program 
which specifies in minute and exhaustive detail the conditions to be 
expected and the actions to be performed for each condition. To de-
velop these programs and the data to be processed by them, research 
is required, i.e., the study and understanding of the fundamental 
processes of the library. Even then, the use of these programs is not 
necessarily evident, Education and training may be needed to make 
the system user aware of the workings and the possibilities of the 
programs. 
By contrast, the bulk of the library automation expenditure has 
been for the application of a knowledge that was assumed to exist. 
The functions of library acquisitions, cataloging, circulation, etc., were 
felt to be conceptually simple, and the tasks chosen for computer ap- 
plications were referred to as “clerical processes.” Library automation 
was conceived to be a direct and single application of existing com- 
puter techniques to well-defined processes. Even now, the emphasis 
of the field remains upon application or demonstration and not on 
research, This is a reasonable strategy to promote the use of existing 
techniques, but it does not make a strong contribution to the develop- 
ment of new techniques. The changing of technology in a library (as 
with any other field), requires a continuing effort, one which incor- 
porates research, development, and application. 
Let us now consider the application of existing techniques (which 
Mansfield refers to as innovation and diffusion). The following are 
the determinants of the rate of application: 
1) the greater the economic advantage of the innovation over 
older methods, the greater the rate, 
2 )  the lower the uncertainty associated with using the innovation, 
the greater the rate, 
3 )  the lower the commitment required to try out the technique, 
the greater the rate, 
4) the greater the rate of reduction of initial uncertainty, the 
greater the rate, 
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5) as the number of firms using the technique increases, the 
probability of adoption by non-users increases, 
6 )  the greater the expected profitability, the greater the rate, 
7 )  for the same expected profit, the lower investment alternative 
will be preferred, 
8) the lower the knowledge and coordination required, the 
greater the rate, 
9)  the less the “new behavior or social organization,” the greater 
the rate, 
10) the fewer the changes in socio-cultural values and behavior, 
the greater the rate, 
11) the fewer the restrictive policies of relevant labor unions, the 
higher the rate, and 
12) industry characteristics that increase the rate: 
a )  inclination to experiment and risk, 
b ) keenly competitive, 
c )  financially healthy, 
d )  durable equipment, 
e ) growing industry output, 
f ) unconcentrated industries, 
g ) adequate advertising.la 
Let us apply this general information to library automation. The 
determinants of the rate of application show that it is reasonable to 
expect very few libraries to be using existing computer techniques 
and programs. First, the economic advantages have been unclear. 
There has been considerable uncertainty with respect to most aspects 
of the use of computers-their development and operating costs, the 
period to develop the operations, the stability of the computer opera- 
tions developed, etc. Furthermore, because the patrons of the library 
do not pay directly for the services performed, increasing utilization 
of the library (though desirable in many ways) increases the financial 
problems of the library. Because libraries operate as components of 
some other agency which controls their budget, the use of computers 
does not offer any prospect of profit because the money saved is not 
likely to be available to the library for other uses. Indeed, the library 
administrator may see the threat of increasing difficulties in winning 
the funds needed for the library as a result of the existence of the 
computer operations. 
Second, given the average library budget of $lOO,OOO, the relative 
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size of the commitnient to try out these techniques has been huge. 
This commitment is large compared with the budgets of even the 
largest libraries. Third, where the attempt has been made, the usual 
result (after some effort and delay) has been that the existing com- 
puter programs embodying these techniques could not be used or 
were unavailable. Where computer programs already exist, their opera- 
tion must be understood and perhaps modified, arrangements must 
be made for their operation on a specific computer, and the personnel 
must be trained to provide the needed data and to use the results. To 
date this has led to a slight reduction of the initial uncertainty about 
the advantages of computer operations. 
Whether or not the library administrator is inclined toward experi- 
ment and risk, libraries are in a position in which the penalties for 
failure for both the library and the administrator are far greater than 
have been the possible rewards from the successful application of 
computers to library operations. Here again, federal funding has been 
a most important factor in stimulating application because it provides 
the development capital and thereby reduces the risk to the library. 
However, this risk capital in general has been provided only for the 
initial development and first use of a system. Thus, unless the un- 
certainty with respect to the costs and benefits of the methods is 
reduced, it can be expected that there will be a low rate of subsequent 
application in other libraries, 
Problems and Prospects 
In  looking forward to the decade of the 1970's, there seems little 
question that automation will indeed have an impact on the operation 
of the nation's libraries. I t  is also likely that the rate of change of 
these library operations will be greater than it has been over the last 
decade. The reason is that there is an increasing understanding of the 
problems of library automation, and some of the useful techniques 
that have been developed will be generally applied. Even so, most of 
the economic factors which contribute to a slow rate of change are 
still very much present as a result of the structure of the library com- 
munity. Before we can predict their precise influence, the quantitative 
data on current performance must be collected, and quantitative 
analysis must be made to identify effects of each of the factors. This 
will require both time and effort, and, for the present, the question is 
whether our current approaches to library automation can be im- 
proved. My view is that there are several solvable problems which 
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would improve the rate of library automation, but they require 
regional or national coordination. I will discuss the problems and the 
possible solutions, but not the mechanisms for achieving the needed 
coordination. 
When library automation moves into an area that is clearly new, 
such as the mechanization of professional processes, support for re- 
search and education must be corollary parts of the program, with 
corresponding increases in the funding. For example, in Technology 
and Libraries the costs of a library improvement program are pro- 
jected, and the allocation to research, education, and training is half 
of the amount allocated to hardware (i.e., computer equipment) and 
software ( i.e., computer programs ) specification and development. 
This sort of estimation is most welcome since it signals recognition of 
problems peculiar to librarianship which will have to be addressed 
as a part of the continuing program of library automation. 
Because even the largest libraries are still in the category of small 
industrial organizations, the funding for research and development 
will have to continue to be external, presumably from the federal gov- 
ernment. Therefore, some number of organizations should be selected 
to receive the funding for library research and development efforts on 
a continuing basis for periods of not less than five years. In  return for 
the external funding, arrangements must be made to make the results 
generally applicable and available to the libraries. This is discussed 
later. 
I suggest further that the funding go to a number of organizations, 
rather than just one, because parallel research and development efforts 
have been shown to be effective where there is uncertainty about the 
best technical alternative to be developed.ls In library automation, 
there are many situations in which the “best” alternative will be un-
clear. If there were only one research and development group, chances 
are that we would not be given any alternatives to the work of this 
group. However, if there are several organizations doing parallel work, 
we can pick and choose from a variety of proffered alternatives. 
With respect to the kind of research to be performed, the next stage 
of technological change (Lee, the one following the mechanizing of 
clerical operations) in libraries must assist or replace the present 
activities of the professional librarian. Only in this way will we be 
able to expand library services to meet the sharply increasing de- 
mands. Therefore, this funding must support research on the funda- 
mental problems of librarianship, such as the intellectual organization 
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of information, as well as the more technically oriented problems di- 
rectly related to computer operations. Indeed, the richness of these 
problems being worked upon as an integrated set gives the promise 
of significant technological change for libraries during the coming 
decade, 
While the establishment of a set of stable research and development 
groups should provide for continuing discovery and invention, it 
does not address the problems in the application of these techniques 
to operating libraries. The most important problem here is that of un- 
certainty with respect to the merits of the application and to the 
methods for introducing it. In approaching this problem, the research 
groups should investigate the economic aspects of their work on a 
continuing basis. To support this work however, cost accounting data 
must be available from the libraries. The availability of this data 
would allow study of the economics of current techniques in relation 
to new techniques. In contrast to the many speculations in this paper, 
this data would provide solid information on which to base the re- 
search, development, and application of new techniques. 
The research and development groups should be organized so that 
they provide continuing support to the library community in the appli- 
cation of the techniques developed. In addition to providing programs 
and written materials, they should train library personnel and consult 
with them on problems of implementing and operating library sys- 
tems. Such contact is vital to insure the application of developed tech- 
niques in many libraries, Because most libraries are quite small, they 
can automate their operations only if they are given this kind of sup-
port. For those libraries that elect to use processing centers (instead 
of buying and installing their own equipment), the research and de- 
velopment groups should train and consult with the processing center 
personnel and provide support for training the library personnel. 
One problem we should anticipate in trying to accelerate the rate 
of technological change is the potential negative reaction from library 
personnel. Even though total demand for library services continues 
to increase, there is a possibility of dislocations and/or instability of 
employment. As indicated before, the next series of technological 
changes must be addressed to assisting or replacing the activities of 
the professional librarian. As such it has the potential of partially 
obsoleting the education and experience of present librarians, while 
it creates demands for different education and experience. 
It should be possible to establish security of employment within 
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the profession as a whole because of the increasing total demand for 
library services and because the librarian's education and experience 
will be only partially obsolete with national automation of libraries. 
A promising approach would be to establish a fellowship program to 
support any and all librarians for re-education in computer-based li- 
brary systems. In addition to classroom work, such a program should 
also have an internship devoted to working with automated pro- 
cedures related to the individual's particular specialties. This program 
would consist of many different aspects and courses of study, and it 
is not expected that everyone would take the same set of studies. 
What are the possible dimensions of such a program? We might 
assume that one year is the longest time that people would take in the 
program, while the shortest would be two months. Now, it is not 
likely that all librarians would elect such a program; therefore, let 
us assume that over the next decade 30,000 people (out of an esti- 
mated 50,000, including those entering the field during the decade) 
undertook such a program. Further, let us assume that one-half of 
them took a three-month program, one-quarter a six-month program, 
and the remaining one-quarter took a full-year program. This would 
total 15,000 man-years of student time. Thus if the program were set 
up to accommodate 2,000 man-years of student time per year, this 
program could be accomplished in seven and a half years. If the cost 
were $40,000 per man-year for the support of all aspects of the pro- 
gram, the annual costs would be $80 million. 
While this is a significant amount of money, it represents less than 
10 percent of current library manpower costs or less than the amount 
that these costs can be expected to increase over the next two years. 
Since total annual costs for library services can be expected to exceed 
$2 billion, it would be reasonable to invest this much in library per- 
sonnel training in order to get on with the tasks of technological 
change. 
Re$rences 
1. U.S. National Advisory Commission on Libraries. On the Economics of 
Library Operation. Final Report Submitted to National Advisory Commission on 
Libraries (ED 022 523). Office of Education, Bureau of Research, Washington, 
D.C., 1967. 
2.  American Library Association. Library Administration Division. Library 
Statistics of Colleges and Universities, 1965-66. Chicago, ALA, 1967, pp. 88-162. 
LIBRARY TRENDS[462 I 
Econoniics of National Automation of Libraries 
3. U.S.Department of Health, Education and Welfare. Office of Education. 
Statistics of Public Libraries Serving Communities with at Least 25,000 Inhabit-
ants. Washington, D.C., 1965, pp. 1,3. 
4. Ibid., p. 4; and American Library Association . . ., op.  cit., pp. 6-9. 
5. Bowker Annual of Library and Book Trade Information. New York, R.R. 
Bowker Co., 1969, p. 7. 
6. US. National Science Foundation. Federal Funds for Research, Develop- 
ment, and Other Scientific Activities; Fiscal Years 1967, 1968, and 1969 (NSF 
68-27). Vol. 17, 1969, p. 65. 
7 .  US. National Advisory Commission on Libraries. On the Economics . ., 
op.  cit., pp. 13, 14, 16. 
8. American Library Association, op.  cit., pp. 12-85; and U.S. Department of 
Health, Education and Welfare, op. cit., p. 3. 
9. U.S.Department of Health, Education and Welfare, op .  cit., p. 3; and 
American Library Association, o p .  cit., pp. 6, 7. 
10. U.S.Department of Health, Education and Welfare. Office of Education. 
Library Statistics of Colleges and Universities; Data for Individual Institutions. 
Washington, D.C., 1967. 
11. Griffin, Hillis L. “Automation of Technical Processes in Libraries.” In 
Carlos Cuardo, ed., Annual Review of Informution Science and Technology. Vol. 3. 
Chicago, Encyclopaedia Britannica, 1968, p. 259. 
12. Brown, Patricia L. and Jones, Shirli 0. “Document Retrieval and Dissemin- 
ation in Libraries and Information Centers.” In Carlos Cuardo, ed., ibid., pp. 
263-88. 
13. Becker, Joseph and Hayes, Robert hf, “Handbook of Data Processing for 
Libraries.” (Review copy. Publication by John Wiley and Sons expected early 
1970.) 
14. Mansfield, Edwin. The Economics of Technological Change. New York, 
W.W. Norton, 1968. 
15. Ibid., pp. 10-33. 
16. Ibid., pp. 119-23. 
17. System Development Corporation. Information Systems Technology Stafl. 
Technology and Libraries. Santa Monica, Calif ., System Development Corporation, 
1968. 
18. Mansfield, op. cit., p. 71. 
APRIL, 1970 [ 463 1 
I 
Libraries, Manpower and Automation: 
Shaping the Future of Libraries* 
M A R Y  L E E  B U N D Y  
BY 1980 THE TRENDtoward national library pro- 
grams was sufficiently advanced so as to decide the role of libraries 
in the total information complex. What had for some time been a 
confusing and cluttered scene straightened itself out, although com- 
plicated by the period of intense disorder and disruption in the Amer- 
ican society generally. As we shall discuss, this social disorganization 
proved first to be a deterrent and then a stimulus to information de- 
velopment. 
The two elements-centralization and automation-did have a most 
decided impact on the library scene. Developments which had pre- 
viously been gradual were vastly speeded up in the early seventies. 
Bibliographic control of the printed literature was accomplished with 
national and regional programs together providing not only ready ac- 
cess to cataloging information, but also taking on the major share of the 
tasks of acquisitions and book preparation, 
The most resisted aspect of centralization on the part of the uni- 
versity research library, as well as smaller academic libraries, was in 
the area of cooperative acquisitions. Cooperative programs improved 
knowledge of the whereabouts of items, and these “networks” under- 
took to use the newer communication technology to speed the trans- 
mission of materials. Yet libraries still were loathe to give up the ideal 
Mary Lee Bundy is Professor, School of Library and Information Services, Univer- 
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of local self-sufficiency and the notion that collection size and service 
capability were synonymous. Cooperative efforts were hampered by 
accreditation standards for libraries which stressed collection strength. 
Only quite belatedly were these standards revamped to substitute 
service capability measures for collection evaluation criteria. 
Efficiency studies showing the greater economy of obtaining little- 
used materials from central sources over the cost of acquiring and 
maintaining materials did receive acceptance with the medium and 
small academic library. But it was not until the active intervention of 
several college presidents that inter-library acquisitions programs were 
forced on the major university libraries. There was then quite rapid 
acceptance of the fact that no library could hope to build a definitive 
collection on any subject, except for a national client group. 
This era then saw the working out of cooperative acquisitions pro- 
grams of more than a token character. The evolving pattern varied 
with the state and the region and followed precursor efforts, such as 
joint storage centers and assignment of subject responsibility to large 
libraries. The smaller research library also won considerable recogni- 
tion and the “right to serve” many constituencies in smaller sub-disci- 
plines. The competition among libraries was a lively one with user 
groups joining the fray. 
The resistance to microforms also gave way for several reasons-a 
major one being the easy ability to make full-size copies. Part of the ac- 
ceptance of this alternative was undoubtedly provided by the library 
lootings of the early 1970’s. In all types of libraries, whether regional 
or local, routine, repetitive tasks were automated. What had been an 
initial resistance to automation became a landslide. The next layer 
of library tasks, what might be labeled semi-professional, was trans- 
ferred to the newly developed technician class. These developments- 
and the increased use of media other than print-have resulted in local 
libraries operating with a fraction of former staff, collection and space. 
While reducing their size tremendously, libraries have vastly improved 
their ability to supply known items on request. 
The library profession thus came out of the 1970’s with two of its 
traditional functions intact-bibliographical control of book and serial 
titles and the “supplying” function. (This was not uniformly true. 
Some information centers have undertaken to supply materials for 
their client group as a natural corollary to their information service, 
but most rely on library subject centers for this purpose.) In one sense, 
what transpired might be described as the magnificent decline of 
American academic librarianship. 
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Information center developments of this period followed paths set 
by early pioneers who assumed the task of information processing. At 
the time of this writing, they are growing rather than decreasing in 
number. But the most difficult task, that of coordinating effort, has 
largely been achieved, and previously unserved groups now have in- 
formation access. 
The general pattern for information centers is national centers linked 
to each other and to local information centers. Some of these are niain- 
tained by local groups such as universities; some are regional outlets 
of particular national centers. An integral part of this system is the 
community “interpreter” who functions both out of a local information 
center and out in the coniniunity served. Commercial firms still play 
a role in information access activity by providing specialized service 
to one or another gronp, particularly mission-oriented groups. There 
are a few libraries playing information center roles, undertaking S.D.I. 
and other user services, but by and large, libraries coexist with media 
centers and information centers in the city, schools, and universities 
and in government and industry. 
One reason for this separation, despite administrative efforts to 
consolidate units, was the exodus of more activist-oriented librarians 
from conventional libraries into these newer outlets. Gradually efforts 
to mix passive and active elements were abandoned; it was conceded 
they simply did not mix. 
Library schools underwent interesting developments before their 
exact role was determined. For a while they became the battleground 
between the traditional and progressive elements in the library field. 
There was a temporarily active group who sought to give the library 
schools a permanent and major role in preparing information workers 
for local and national centers. They sought to effect a variety of 
changes, such as shifting accreditation of library schools so as to in- 
volve newer professional societies and schools. These and other efforts 
at coordination were largely unsuccessful, partly because they were 
launched too late. Again, the elements, despite librarians who were 
active in information work, simply did not mix. The library field was 
largely resistant, and the information science groups indifferent. 
What occurred instead of a merger was the establishment of schools 
of information science at most of the major universities, using as a 
model the early schools at Georgia Tech and Lehigh. Two library 
schools did transform themselves into schools of information science. 
The power struggle was then between the information storage and 
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retrieval interests and computer science departments. A number of 
events explain the eventual establishment of information science as 
a separate discipline. There were a number of ‘break-outs” from com- 
puter science schools, faculty who either joined or started information 
science schools. These schools had the greatest success (the library 
schools were never seriously in the competition) in producing research 
scholars. As a consequence, their identity and their preemption of 
the field was made a reality. 
There was steadily increasing pressure from the national and local 
information centers for professional information workers, and it was 
not long before these schools undertook not only the research but also 
the professional commitment. Beginning as they had with a research 
orientation, it proved easier for these schools to maintain their science 
base than it had been for the library schools seeking to transform prac- 
tical programs into theoretical ones. 
We cannot account for the large enrollments which these schools 
have enjoyed, except that perhaps an emerging profession was of 
particular appeal to young people coming out of undergraduate pro- 
grams during this period. Black students, especially, identified their 
social commitments with it. This early popularity put these schools in 
a good competitive position with the other professions. From the 
outset this has been a male-dominated profession, although from the 
beginning there have been and are outstanding women associated 
with it. 
What happened to the library schools? The combination of tech- 
nicians and automation took away a large share of the market for 
their product. The addition of subject specialists and systems analysts 
to library staffs closed other prospects. A large proportion of their 
students had been from the school field. With the development of edu- 
cational communication programs, the schools of education undertook 
and won renewed recognition as being the place to prepare informa- 
tion media workers for schools. (Interestingly, these schools are now 
in a period of competition with the information science schools.) But 
the library networks still have managerial roles to be played. It was 
not surprising, therefore, that several library schools elected to become 
a department in schools of business and public administration, Other 
business schools developed similar minors in their programs. 
In  the late 1970’s the Library of Congress became alarmed at the 
fact that there were now only a handful of library schools still open 
and capable of education in the bibliographical expertise required to 
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maintain their bibliographical system. In 1980, they established a na- 
tional training program to educate for bibliographical roles in the 
Library of Congress and in other libraries. (The modernization of the 
Library of Congress is an exciting story in itself.) Dwindling enroll- 
ments, reductions in positions, retirements, and finally the closing of 
library schools marked the end of the efforts of librarianship to main- 
tain its educational programs in the university and at the graduate 
level. 
To illustrate the dynamics of the field during this era, we mention 
several other events and movements which, while largely unsuccessful, 
did serve to bring the issues into the open and influence the career 
choices of the people involved, 
It looked for a while as if a young group of librarians-Librarians 
for Social Action-might shift the library picture. They sought to 
work in two spheres-the city ghettos and the universities. They were 
very much caught up in the turmoil of the 1970’s, and, while they did 
not influence the traditional library to shift its orientation, they were 
moving forces in support of powerless elements and brought to the 
fore their demands for “information rights.” 
One reason this group of people failed is that they did not add to 
their numbers appreciably, The library schools did not make the 
major shifts in admissions and recruitment and programs which would 
have been necessary to attract the activist type. Indeed, the records 
of the time document the disillusionment of librarians who recruited 
from their communities and sent people to library schools. Their bit- 
terness was greater because it was these very schools whose faculty 
had encouraged them as students. 
We would suggest that the central reason why this group failed was 
their stubborn insistence, in the face of all evidence to the contrary, 
that libraries could be reconstituted so as to be socially responsive. 
For instance, they wasted much effort which might have been better 
spent in forming new associations in trying to influence change in the 
American Library Association. Similarly, they sought to work from 
within local libraries instead of transferring their operation completely 
outside the library milieu. These efforts did, however, make for lively 
episodes at national library meetings. 
Social action did, however, become a major component of the in- 
formation profession. The schools of information science did take on 
a social conscience and commitment. This came about for several 
reasons, but primarily because of the influx of behavioral scientists 
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and professionals from other disciplines who joined the faculty of 
these schools. They in turn attracted a different type of student and 
generated the new information “breed.” The combination of technical 
competence and social commitment has been the basis for most of 
the successes which this field has enjoyed. 
The part played by the unions during this period should also be 
noted. Unionization did improve working conditions in libraries and 
so was a force of some consequence for improvement. But it also 
acted to protect the senior staff. While tasks were transferred to the 
computer, obligations to the senior staff were maintained. A few 
unions did undertake to fight on professional issues. There were even 
remarkable instances of the union taking over the management func- 
tion of trying to secure financial resources for the public library. Union 
activity was not a major force in the end because it occurred at a time 
when many public libraries were being closed as the result of schools 
taking over children’s services, In  one sense, decentralization and the 
building of “new communities” proved an impetus to public libraries. 
Almost uniformly, these communities established a popular library, 
staffed by local personnel. While it serves no major community, infor- 
mation, or educational role, it nevertheless survives on the American 
social scene. 
We believe the information profession has become all that its most 
ardent supporters could have hoped for. American society has come to 
place a high value on information access, Tremendous strides have 
been made in solving technical problems, while research potentials 
still abound. But its success does not lie in the technical realm alone. 
We also believe that most of the political and social problems associ- 
ated with information access have been resolved. It has proved pos-
sible to have a viable information-producing and -processing industry. 
The consumer’s interests are protected in several ways, including pro- 
vision of government inspection in those areas where an “information 
monopoly” might be said to exist. The legislation which brought this 
about, and incidentially solved the copyright problem of earlier years, 
is frequently cited as a model of the new relationship between govern- 
ment, industry, and the consumer. 
The information profession can be proud of its record in the period 
of disorder, particularly as it had to solidify itself and at the same time 
make contributions toward resolving the social crises of the times. 
We might cite successes in consumer terms, although these will be 
well known to the reader. In  1970, faculty and students at universities 
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had virtually no infomiation service. Public libraries were providing 
service only to the reading elements of the white middle class and 
then mainly for recreational reading of a superficial innocuous char- 
acter. It proved perfectly possible with automation, management ex- 
pertise, and national information support to provide the entire range 
of information services to students as well as faculty. Sophisticated 
identification of city elements in information terms led to local and 
national services which did reach Americans in their occupational, 
cultural, social, and political lives. Information access is not only a 
possibility; information utilization is a reality, Children growing up 
today h d  it hard to believe the earlier pre-history of information de- 
privation. 
This is, of course, merely a story. I t  did not happen, and will not 
happen, at least not like this. Why did we write it, particularly for a 
LibTary Trends issue concerned with automation and networks and 
in an article designed to analyze manpower implications? Because we 
did not accept the “givens” in the situation, We do not conceive the 
manpower question as merely how to be supportive of current trends 
or even what professional leadership may deem to be desirable pro- 
fessional goals. Technology and centralization are merely means; their 
utilization needs to proceed from socially deprived ends. We must ask 
the question, automation for what? 
Of what value is a futuristic projection? We are sure there are 
many in and out of librarianship who would not quarrel with, indeed 
would find acceptable, the future role we posited for libraries. What 
they would not like, however, is the consequent loss in professional 
power and prestige which would accompany this relegation to the 
custodial function in information activity. Further, we believe many 
in this field are not yet prepared to accept the fact that real infonna- 
tion needs exist and are not being met by libraries and will eventually 
be met in one way or another. We also believe at this point in time 
no corner of the profession should be sacrosanct. This is then an as- 
sault on traditional views of libraries. 
But, we hope, despite the sketchy nature of our projection, it can 
be of positive help to those committed to insuring libraries an im- 
portant part on the information scene. If it helps to identify key forces 
and decision points which will decide the direction of the field, it can 
assist in efforts to insure a future quite different. When we broaden 
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our perspectives beyond the confines of the past or the “here and 
now,” we can see needs to hc met, problems to be overcome, and 
potentials to be capitalized on. An important point to be made is that 
people are not at the mercy of irreversible technological and social 
forces. We have not described an unalterable sequence of events. 
Those in and out of librarianship, whether by action or inaction, are 
going to decide the future course of libraries. It is to be remembered 
particularly that if something occurs even once, it is within the realm 
of the possible. 
Our information profession was an idealized model designed to 
introduce elements which we believe should characterize its develop- 
ment. We do not really have any basis for suggesting that the tech- 
nologists will concern themselves with social goals in an active, posi- 
tive way, Indeed, this has not been the history of the engineer. As 
Merton has expressed it: 
Deriving in part from the specialization of functions, engineers 
. . . come to be indoctrinated with an ethical sense of limited re- 
sponsibilities . . . . 
So, in many quarters, it has been held absurd that the engineer 
should be thought accountable for the social and psychological 
effects of technology, since it is prefectly clear that these do not 
come within his special province. After all, it is the engineer’s “job” 
-note how effectively this defines the limits of one’s role and, 
thereby, one’s social responsibility-to improve the processes of pro- 
duction, and it is “not his concern” to consider their ramified social 
effects1 
We do not note in the information science literature or the curricula 
of the new schools much evidence to the contrary. 
The social events we hinted at are pure speculation, included only 
to make the point that library and information activity to be relevant 
must be viewed in a social environment which at this time is one of 
turmoil and violence, and we believe that efforts to respond positively 
to social unrest and strife may help libraries find their purpose and 
identity. 
Our characterization of library developments does grow out of 
analysis of the current library scene. And since we are asking the 
reader, if he accepts the possibility of this future for libraries as even 
probable, to become an advocate for change, let us look at just how 
plausible our projection is. 
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The Current Scene 
Automation. We believe the exploitation of automation and centraliza- 
tion to improve existing library practice is well underway. What first 
was a resistance to automation has apparently become a landslide for 
it. We find the profession in 1970 very much absorbed in employing 
the computer to perform traditional tasks in libraries. Undoubtedly 
many programs are more talked about than a reality, and much effort 
is still at the most primitive trial-and-error level. Yet there is clear 
evidence of acceptance of the computer in libraries as illustrated by 
the establishment of the Information Science and Automation Division 
in the American Library Association and the inauguration of the 
Journal of Library Automation.2 Its pages document how libraries 
have come to find ways to utilize high-speed machinery to perform 
library tasks. The computer and its associated contribution, systems 
analysis, are being employed to do it more quickly, more cheaply, or 
more comprehensively. The modernizing of the Library of Congress, 
set in motion by the King r e p ~ r t , ~  continues with the work of the 
Information Systems Office, Its principal product so far is the MARC 
project whose contribution and utility is clear when we view the 
time-consuming and costly work of preparing copy locally. 
Library System. Though it is hard to separate the claims and the 
publicity from the reality, systems development seems also to be tak-
ing on a new lease, In the past, leadership in regional library develop- 
ment has come from the public library interests, Now we find aca- 
demic libraries moving more strongly in this direction with the accent 
on cooperation among all types of libraries. Many of these programs 
have not gotten beyond the generation of a union list of serials, and 
most academic libraries are probably still not prepared to commit 
themselves to such programs to the extent of abandoning their own 
collection-building aspirations. While many efforts must be character- 
ized as grudging and limited, imaginative programs do exist, such 
as the Ohio College Library Center. Public libraries are probably 
to be most complimented for success in getting behind-the-scenes 
tasks done cooperatively. We are not convinced, however, that cooper- 
ation has made any basic change in most local public library outlets, 
many preferring to let cooperative arrangements permit them to con- 
tinue to serve recreational reading functions with the more specialized 
questions and demands channeled elsewhere. Yet we know several 
states where the responsiveness of public library systems far outpaces 
college libraries. 
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At the national level, the National Library of Medicine, with its 
MEDLARS project, stands out as one of the few libraries engaged in 
the entire range of information functions associated with serving a 
national audience. As we shall see, the more ambitious and more 
enterprising national systems are arising from other quarters, because, 
we believe, library leadership still sees itself tied to traditional goals 
and approaches. 
Internal Organizational Adaptation. Internally we find libraries are 
not only engaged in automation efforts, but that larger libraries are 
also employing other specialists-systems analysts and subject bibliog- 
raphers in the academic library. Public librarians are very much ab- 
sorbed with issues regarding library technicians. 
We suspect, however, that these developments are being inserted 
into libraries so as not to upset the organizational status quo too 
seriously. Size is still seen as a desirable goal in itself. Academic li- 
braries still absorb the major share of their staff and other resources 
in acquisitions, maintenance, and control functions. It is because the 
absorption is here that client relationships so frequently reach a low 
ebb, I t  is not just the student but also the faculty who react against 
the essential client indifference of the academic library. The large li- 
braries in particular seem bound by size and other commitments leav- 
ing them unable to adjust and adapt, while the most imaginative in- 
novations are coming typically from smaller and newer institutions. 
Libraries in a Cultural Context. In the two most turbulent sectors of 
society today-the city and the university-we find library service to 
be most in jeopardy. There is aroused concern among those in public 
librarianship because of its essential irrelevance in central cities. While 
the suburban library is more prosperous, there is evidence that it is 
serving little more than the ephemeral reading interests of only a 
small proportion of its total population. For the man in the street, the 
library has become a symbol without meaning; for poverty elements, it 
is unknown and unused. 
Unfortunately, we do not hear the same soul-searching on the part 
of academic librarians. The “self help” notion with regard to student 
service still permeates professional thinking, and the library is now be- 
coming the target of attack by students who may perceive it as an 
element of the older order, not attuned to their needs and aspirations. 
The symbol of this non-response may be the impersonal file of cards 
which in several instances has been the object of violence. 
We know that in school, industrial, and governmental settings, con- 
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ventional libraries frequently coexist with newer infonnatiou agencies. 
And though we cannot explain the dynamics of  the formation of 
separate agencies, we believe much of the blame can be laid at the 
door of the conventional library for failing to respond aggressively 
to new potentials and new challenges. 
Power and Politics. Another force is being inserted into the local pub- 
lic library scene-that of the unions. Staff associations, like relics of a 
former age, are apparently giving way to the more potent force of 
the union with its stronger bargaining instruments. The library pro- 
fession has been delaying judgment on these efforts, seeing all the 
undesirable aspects of unionization, particularly in the light of recent 
union activity in New York City. Some library unions do appear to 
have pursued professional goals, and we cannot argue with their 
efforts to correct the bureaucratic ills. The danger seems to be that in 
a time when libraries should undergo drastic overhaul, the unions, 
with their emphasis on security, will act ultimately to rigidify them 
still further. 
On the local political scene, we find public libraries in some cities 
the recent target of extensive cutbacks. While the public response 
may seem reassuring, the appeals still seem to be coming from parents 
and from nostalgia. Nowhere is support heard for the public library 
at these times in terms of its role in information dissemination. The 
possibility that schools may take over the children’s trade is looming 
before the public library in at least two states. 
Nationally too, at the time of this writing, library interests are 
faced with setbacks and curtailments. The report of the National Ad-
visory Commission on Libraries is likely, like most politically inspired 
documents, to disappoint those who thought it might serve as a force 
for change. In the American Library Association there is the first out- 
spoken dissent in many years. Those concerned with the social re- 
sponsibilities of libraries have won at least an organizational foothold 
in ALA. 
Education. There is movement in library education in the direction 
of adding newer information specialties to library school faculties, not- 
ably at Berkeley and Chicago, but also at other schools. The impact to 
date has not been extensive, and probably most library schools are not 
even at this stage of change, Maryland is still pretty much alone with 
its strong behavioral orientation. 
There are voices in and out of library education asking for more 
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active, iiiore aggressive students to be recruited in the field, but wc 
do not see this concern translated into concentrated, sophisticated re- 
cruitment programs designed to achieve this goal. Student activism is 
beginning to be a factor in library education, but recent ripples, 
such as the student-organized Congress for Change, cannot be taken 
to mean that the library school product yet varies appreciably from 
that of the past, And activism will only have a point when combined 
with a meaningful professional preparation. If there is genuine con- 
cern over these and other issues confronting library education still 
oriented toward traditional courses and traditional modes of instruc- 
tion, it has not reached the pages of the library journals. 
The information educational scene now has not only the early pio- 
neers, Lehigh and Georgia Tech, but also such interesting newcomers 
as the Stanford Communication Program. Meanwhile, information re- 
trieval is becoming a component of computer science programs. Sev- 
eral research efforts will bear watching-Parker at Stanford, Salton 
at Cornell, M1T”s Project Intrex, and what Hillman at Lehigh and 
hlaron at Berkeley are generating. The interesting curriculum work 
goes on through the American Society for Information Science, while 
the American Library Association still keeps its exclusive accredita- 
tion rights, There is still no clarity as to where the information 
preparation of the future will be lodged, but the educational split is 
now a reality, And nowhere is there yet a coalescence of technical 
concerns with social issues. 
The General Information Scene 
There is movement in the information world coming frorn many 
quarters. As we view these developments, we look for evidence of 
library participation. COSATI, the Committee on Scientific and Tech- 
nical Information, continues to address itself to pertinent information 
questions. Library interests here seem more frequently overlooked 
than not. While the impact of EDUCOM which was established by 
the Interuniversity Communications Council, is not yet clear, this 
instrument, with its concern about cooperative efforts and its poli- 
tically sophisticated organizational structure which allows for the in- 
fluence of academic power through councils and conventions, should 
be a factor strongly considered when calculating the educational in- 
formation equation. Although it concerns itself with what are clearly 
library issues, there may be some information fallout through library 
participation. The Neighborhood Information Center movement is 
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apparently underway without library involvement, while some Model 
Cities programs are apparently inirolving public libraries. Other public 
libraries have, however, turned these planners away. That public li-
braries are not more concerned at these “market” losses means simply 
that they do not see themselves oilering service of this nature. 
The scientific societies are the scene of much information work 
because of their long-standing interests and because of the influence 
the National Science Foundation has been exerting in this direction. 
Publishing firms are taking an increased interest in information; new 
companies and new complexes are almost a daily phenomenon on the 
information scene, The information industry is beginning to take 
shape to the extent of having a professional association with a Wash- 
ington office speaking for its interests. Their contention is that no longer 
should the non-profit organizations-government, universities, and 
societies-maintain a monopoly o\’er research, development, and the 
production of information products. 
The large-scale activity of consulting and quasi-research organiza- 
tions who attempt to devise systems and plans for military and techni- 
cal government organizations is another phenomenon productive of 
new forms and new patterns of information control. h h y  of these 
same interests are involving themselves in analyses of libraries. 
These and other developments are important in estimating the fu- 
ture of information activities and the capacities in which various types 
of agencies will be serving. What can be said generally regarding the 
extent of library participation? I t  must be seen to be present but weak, 
because traditional perceptions of libraries are being projected and 
because library interests are not pressing seriously for important por- 
tions of the information pie. Various interests looking for information 
support dismiss the library and go on energetically to calculate al- 
ternative ways to get service. 
There are those in and close to librarianship charging library 
interests with the potential loss of information functions. In an article 
encouraging special librarians to seek expanded functions for their 
agencies, Herbert S. White, recent president of the Special Libraries 
Association, ends by saying: 
We can fight to retain what was ours by default at a time when 
it was too mundane to interest others, and has now become a 
challenge of tremendous scope which has attracted many outsiders 
-some earnest and qualified, some quacks and charlatans. We can 
fight to demonstrate to others what we so clearly know, that the 
LIBRARY TRENDSc 476 1 
Libraries, Manpower and Automation 
management of information services is properly ours by training, 
experience and attitude. Or we can nestle securely in our fortress, 
ordering material only on demand, indicating its location in the 
system once it arrives-through an intricate cabala of symbols-
and keeping accurate records of who borrowed what, This is a job 
even our newly arrived competitors in the information business are 
willing to concede to us. After all, who wants to spend his life 
running a stock room? 
Ferdinand Leimkuhler, writing in Wilson Library Bulletin, has 
placed the issue squarely before the academic library: 
In the meantime, the research libraries will of necessity add more 
materials in microform to their collections and will make progress 
in the computerization of their routine operations. But the major 
breakthroughs may come outside the university libraries, among 
the government-sponsored information centers and under the aegis 
of the scientific and technical societies. If this happens, researchers 
may “plug in” to the new systems from their own offices, and the 
library will be eclipsed as the repository of information.6 
Carlos Cuadra, principal investigator of the report on Technology 
and Libraries commissioned by the National Advisory Commission on 
Libraries, has said: 
It is in no way necessary or inevitable that libraries shift the balance 
of their holdings and services to include microforms, digital infor- 
mation, videotape, holograms, and other trappings of advanced 
technology. It is not necessary that libraries shift their concept of 
operations from circulation toward outright distribution. . , . It is 
not necessary that libraries become elements of networks for the 
rapid identification and provision of material to users, regardless of 
geographical location. 
However, these functions are going to take place; and if the 
library does not bring them about, some other type of agency will. 
That agency will then occupy the central role in the information 
business-the role that was once occupied by the librarya8 
If the library profession cannot be encouraged to move because of 
this potential market loss, it might moge in response to the needs of 
its clients. Robert S. Taylor finds that the library’s traditional passive 
role and its book orientation stands in the way. 
As a result of the concern with books as physical objects, libraries 
have become static institutions concerned with the techniques of 
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materials handling. Whatever the reasons for this may be, and there 
are many legitimate ones, the library has nevertheless changed 
from a humanistic institution to a supply depot concerned with in- 
ventory and control. The processing of objects has blinded the li- 
brary to potentially more dynamic roles as a major channel of com- 
munication, and a major processor of knowledge, both factual and 
fanciful, in all media. This implies not so much a change of func- 
tion as a change in attitude.' 
Having no strong client commitment, no clear-cut notion of its com- 
munity responsibility, the library profession is silent when it should 
be speaking out loudly, passive when aggressiveness is called for, and 
indifferent when aroused concern is required. Great imbalances in in-
formation access continue to exist because groups lack power to 
change the status quo. Where libraries as public institutions might 
speak out for neglected constituencies, they remain value-neutral and 
passive. And so they must be seen to be the servants of power rather 
than the defenders of public rights. Intellectual freedom does con-
tinue to be defended by a few, but this is basically a defensive posi- 
tion. Positive identification with the information rights of people is 
not yet within the realm of this profession's consciousness. 
The situation described above pertains to the local library situation 
and nationally. The legitimate spokesmen for the profession are silent 
on key information issues. The rallying point and the protective me- 
chanisms for a professional group do not exist a t  this point in time. The 
image-and the impact-of a socially responsible profession with an 
organized point of view on key issues are absent, 
Hope and Promise 
There are then failures to respond to the potential of the computer, 
to potential market losses, and to the needs of clients. The gap be- 
teen library activity and information activity continues to widen. 
What promise is there? Despite the general library situation, the cur- 
rent scene also reveals potentials for change. Dissent and discussion, 
as we have noted, while still modulated, are louder than we have 
heard before in this profession, The discouragement of librarians we 
meet and talk with can be viewed as a positive element, for out of 
discouragement can come support for programs of change. We have 
made mention of a concern on the part of librarians that libraries take 
on social point and purpose, a notable example being the formation of 
the Social Responsibilities of Libraries Round Table. There are those 
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within the union movement seeking to give professional purpose to 
this alliance with outside interests. 
Promising departures in practice do exist-for example in academia 
at Stanford, Hampshire, and Federal City College, and undoubtedly 
there are others not as well-known. Public librarianship is beginning 
to produce a corps of workers dedicated to helping the disadvantaged. 
I t  is probably only a matter of time before they articulate the bureau- 
cratic and legislative support needed to support poverty efforts. Li- 
brary education here and there is percolating new ideas, and new 
types of teachers and specialists are being added to their faculties. 
These faculties may well become the rallying point for the activist stu- 
dents in their programs. We might view the present automation of 
libraries as a preliminary “housecleaning” preparatory to taking on 
more active functions. 
All these offer hope that the profession has the capability for change 
today. And there is still time, for information activity is not all that 
merged. No serious claims are being made by any one group to con- 
trol information practice. Information opportunities abound every- 
where but particularly in the city and in academic settings where the 
conventional library is yet without any single serious competitor. As 
Monat also has suggested in discussing the community library: 
the idea of the community library as an active information center 
and not merely a repository for books, a center designed to serve 
a broad range of interests and diverse local institutions, has seldom 
been discussed much less explored operationally. A great informa- 
tion void exists in most medium-sized cities. Public agencies lack 
readily accessible and relevant information. There is no easy source 
of information for local merchants, financial institutions, and indus- 
tries. And there is little done to publicize and exchange the informa-
tion that is available within the community or region. The local li- 
brary and district center possess the potential and already occupy 
the publicly accepted role that would support their development 
of this kind of information system.8 
Nor do we see why public libraries should yield to the school in- 
terests with regard to children’s services. Indeed, this goes against the 
trend of the times, which is for other agencies to step in where the 
schools have failed. In  preference to abandoning their historical out-of- 
school educational role, public libraries might do better to demand the 
resources needed to devise adequate services for this constituency. 
What does librarianship have to offer to a future information pro- 
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fession? We believe that in many ways librarianship is further along 
the road of professionalization than the newer information specialties. 
In the ideal of intellectual freedom, focused and infused with an 
advocacy commitment, may lie the rationale for the social purpose of 
the information profession. We could also argue that it exists, that it 
has been institutionalized and given legal and other mandates and 
guarantees of support, and that it has educational programs which 
have passed the inspection of and won acceptance by universities 
and accreditation bodies. But these institutional characteristics become 
an asset only if the profession is prepared to completely shift its insti- 
tutional commitments to the extent of reallocating its resources and 
revolutionizing its practices. The support of a national program of li-
brary automation should be enlisted to effect these changes in libraries. 
Manpmer Factors 
We are assuming that readers in the library profession share the 
conviction that the future projected for libraries at the beginning of 
this article is an undesirable one, not only because they are in and of 
librarianship, but also because in libraries there is a potential resource 
to be exploited for the social good. We hope the reader understands 
that the pessimistic future has a positive purpose and that it will have 
failed if it makes the reader only discouraged or angry, Yet the ques- 
tion must still be asked, are the gains of the past and the changes of 
the present sufficient bases for anticipating a future for libraries quite 
different than that posited in our projection. And our thesis would be, 
no, not without quite active and major interventions into library affairs 
which are not yet underway, or ei'en recognized as necessary, in the 
field. Without such interventions we see little hope of overcoming the 
dominating force of tradition. 
Let us focus on one major ingredient, the potential influence of man- 
power development on the future of the field. Our concern is not to 
evolve manpower policy for the field, but rather to suggest what the 
key variables are, their inter-relationship, and their importance in per- 
mitting the adaptation of the conventional library. As an aid then to 
those who influence policy choices, the following are ideas and sug- 
gestions as to the needs and desirable directions for the field. These 
developments are supportive of national programs of library automa- 
tion and in themselves are crucial to this field's advancement. 
The ability of the library profession to change is inextricably tied 
to its ability to attract, educate, and utilize manpower in the cause of 
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change. The nature of the task requires efforts to move along many 
fronts simultaneously at a more rapid and more comprehensive pace 
than is presently conceived in most quarters of the profession. 
Our scenario has suggested a number of key manpower elements. 
Automation, centralization, and technician programs in themselves will 
markedly influence the numbers, the types, and the locations of library 
workers in the future. In the public library sector we see the union as 
a potentially powerful ally in insuring that the extensive retraining 
programs required get underway and are implemented. Yet there is 
a danger here for the unions may want the security of assured jobs 
in new roles, while for the foreseeable future library organizations 
should be characterized by fluid and changing work patterns, 
When we consider expanded roles for libraries and the broader 
issue of preparation for information work in all settings, then other 
educational requirements emerge, New curricula will have to be de- 
vised for workers who undertake the information processing roles, for 
those who are prepared to undertake much more sophisticated and 
active user service roles, particularly with information communities 
which are still largely unsophisticated and unaware of their informa- 
tion needs, and for managers who can adapt and renovate the con- 
ventional library and manage the complicated information enterprise 
of the future. 
We only hinted at another manpower need-the need to fill what is 
becoming a serious leadership vacuum in this field. By this we mean 
far more than managerial competency. Rather, the need is for people 
who are prepared to give new meaning and significance to the library’s 
role in the local community and for articulate spokesmen at the 
regional and national levels who can crystallize issues, engender sup- 
port for needed changes, and insure the position of libraries in future 
information networks. The shift required may be away from institu- 
tional leadership to professional leadership, 
What should characterize this emerging leadership? It may need 
for its base a measure of activism, involving a disenchantment with 
the traditional, but also a zest for change and an ability to identify 
the key issues and platforms for change. This new leadership prob- 
ably cannot hope to enjoy the following of the majority in the pro- 
fession now. They will continue to lean toward the present institu- 
tional leadership whose values they share. Therefore, not only the 
proposals of the new leadership, but its political strategies as well, 
will need to vary from those of the past, 
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Clearly this field also needs to attract quite different types of people 
than have traditionally found their way into librarianship-more 
talented and capable people from the “hard” sciences, more who are 
behaviorally oriented, more men, more Blacks. Without this shift we 
see little prospect of changing the institutional stance of libraries from 
a passive to an active one, 
In making the massive recruitment effort which we believe is called 
for, librarianship can no longer depend on the traditional “desire to 
serve.” The profession through its associations and its schools must 
take a more aggressive position on salaries, so that the salaries in this 
field come to be not what a single person can live on, but rather what 
a married man with thrce children requires, It would be naive to pro- 
ceed with recruitment under any other terms, And we must accept 
the fact that these new entrants expect to get ahead and move faster 
than has traditionally been the case in this field. 
Recent recruitment efforts at RIaryland offer some additional clues 
as to increasing the occupational attractiveness of the field. We 
have found that the newer information developments have reached 
the consciousness of students and are attractive to them. Another ap- 
peal being used, particularly with Black people, is that librarianship 
is a changing profession which welcomes people who would like to 
increase the social usefulness of libraries. 
But improving economic incentives and rewards and shifting the 
appeal are only the beginning. Inevitably these new “types” will 
manage to shift the organizational environment of libraries so they 
will be supportive of wholly new relationships with clients and with 
regard to utilizing the computer. But the change process would be 
vastly speeded up and the recruitment task made easier if libraries 
could prepare now for their accommodation to new elements and 
come to deal frankly and openly with the internal consequences of 
change. External pressures for change may cause even the most con- 
servative libraries to accept new people with differing talents and 
points of view. But with the demand for workers in newer information 
facilities, it is difficult to see how libraries can maintain their status 
quo commitments and at the same time provide job opportunities at- 
tractive enough to compete in the talent market of the information 
field. Over time we can hope the professional struggle will come to 
center around improving the organizational environment for profes- 
sional practice rather than security concerns. Similarly, unless the 
educational programs genuinely respond to people with perspectives 
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and orientations quite different from the traditional humanistically, 
middle-class orientation, their efforts will not ultimately succeed. 
Not even under the best of circumstances can librarianship place 
all its hopes on, or simply wait for, the new entrants into the field. 
There are also other manpower resources to be tapped. Indeed the 
strength of the information movement came from its ability to attract 
mature people from many walks of life who brought with them the 
sophistication and expertise needed to solve information problems. 
This involvement with those from the “ h a r d  sciences is to some ex-
tent taking place now. 
But there are other equally important involvements which are cur- 
rently almost totally lacking. The issue of social responsibility requires 
insight from those in such fields as journalism, political science and 
sociology who are also concerned with problems caused by information 
imbalance. The search for viable positions on the information needs 
of one or another constituency and the legislative and other programs 
of action which should foIlow require linkups, interactions, and joint 
efforts with these related interests. Much of the ferment and innova- 
tion emanating from the field of education is also of direct relevance 
to librarianship. Here, too, librarianship should seek involvements with 
this field‘s innovators and spokesmen for change. Assistance in coming 
to grips with the essential question of relevancy of libraries may also 
come from new interaction with the library’s users-and non-users-
provided ways can be found to present the library’s potential to them 
in new terms. As libraries shift their concern into their communities 
and identify with the needs of their constituencies, we can expect 
increased insight into how to make the library’s role more meaningful. 
The purpose of these reflections on manpower direction has been 
to emphasize the need for change and to suggest what may be the 
magnitude and directions of change. 
Clearly the institution which will increasingly invite recrimination 
is the library school. Here, in particular, gradual change in the form 
of accommodation to newer information interests is woefully insuf- 
ficient. From the schools, too, should come help in inserting into the 
professional ethos a sense of social responsibility which can be trans- 
lated into ability to play socially responsive work roles. In this way 
the library school would become the dominating force in establishing 
the social purpose and utility of libraries. 
Many of us in library education are becoming increasingly aware 
that we cannot much longer take people from all walks of education, 
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but primarily still the humanities, and hope to prepare them for future 
information roles in a one-year period. Neither can present programs 
much longer be justified on the grounds that we must fill jobs in li- 
braries, The profession is becoming increasingly unwilling to let the 
schools keep their monopoly on entry into professional practice as 
demonstrated by their acceptance of those with less than full profes- 
sional preparation for professional work roles. In  government and 
industry there is almost no pretense that the library school path mat- 
ters at all. 
There is need for leadership everywhere in this profession; the way 
is open as never before for the library schools to play a leader rather 
than follower role in relation to the profession. Unrest is rampant; it 
is ideas and solutions to problems which are lacking. That the schools 
are not under pressure now to respond more dramatically means 
simply that this has not been the history of education in this 
field. Typically, the schools have followed rather than led practice. 
Without this expectation from the profession, the schools face the 
same task libraries face, which is to alter their image of themselves 
so that they respond in terms not of their history but of their potential 
and to the mandate implicit in their chartering. 
It is not so much a question of whether the schools should risk the 
loss in enrollments if they lengthen their program, whether they will 
indeed be able to attract new types of students, or whether they have 
the faculty talents to implement new programs. Rather it is that they 
cannot afford not to make the effort. These problems must be viewed 
as challenges to be met, otherwise they will become mere excuses. 
The argument that the library field still wants the schools to prepare 
people for traditional types of positions is becoming a rational; ization 
for maintaining the status quo, 
The insertion of new faculties with new points of view should help 
the schools to escape the straitjacket of conventional ways of viewing 
libraries and may give them the courage to embark on new endeavors. 
Perhaps the most challenging educational aspect lies in the public 
and academic library spheres. A group in the hlaryland School of Li- 
brary and Information Services has recently been focusing efforts 
in these spheres. The approach to curriculum reform has been to de- 
termine work roles of the future and then to translate these into edu- 
cational preparation terms, To give fresh perspectives and possible 
prototypes, various directions have been considered including the 
possibility of transplanting models from industry and government into 
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the more conventional library settings and the possible utilization of 
such “far out” activist efforts as the free press and switching center 
services. Programs to prepare citizen information specialists for work 
with the urban poor and to prepare undergraduate information spe- 
cialists especially for work with today’s student also are under con- 
sideration. 
Efforts of this group suggest that students begin with or acquire a 
stronger base in quantitative areas and in the behavioral sciences than 
has traditionally been the case. This program would have both a 
strong theory base and, in some form, practical experience in the 
new work role so that the student would gain the preparation he needs 
while in school, and feedback would be received into the educational 
program, Work by this group is far from crystallized and is described 
here to indicate something of what could be the possible excitement 
and promise of the field today. Library education, in addition to re- 
sponding to the profession’s need for change, should at last put its 
programs on a par with the other professions, an important factor in 
its ability to compete for the talented people who will enter one or 
another of the professions. 
In 1980, when librarians look back on this era, we believe it will 
have proved to be one of the most decisive-and hopefully exciting- 
in library history. To understand what happened they will have to 
view the library schools’ response-or failure to respond-to librarian-
ship’s search for mature purpose and to the broader mandate of in- 
formation access in this society. 
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Bibliographic and Technical Problems in 
Implementing a National Library Network* 
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THEP R O B L E M S  FACING the planners of automated 
library networks are rooted in the complexities of organizing and 
managing a vast flow of bibliographic information and its interface 
with users. Telecommunication equipment transmitting data in the 
form of electric signals, electronic memories holding large stores of 
information, and computers manipulating the data and graphic dis- 
plays for human interaction are technological means for performing 
network functions more effectively than has been possible in the past. 
They do not in themselves, however, make networks possible. 
Becker has listed the following among the problems and obstacles 
to be overcome: the development of acceptable criteria for determin- 
ing what is to be placed on the network, clarification of the roles of 
network participation, agreement on network organization and opera- 
tion, and the investigation of its social, legal, financial, and technical 
imp1ications.l The designers and operators of a network must under- 
stand the need to cooperate and to compromise in determining ob- 
jectively and rigorously which areas are most susceptible to coopera- 
tive action and which will have the greatest benefit in the shortest 
possible time. At the very least, library networks require common 
languages and common procedural conventions. 
The underlying concept of library networks is well-established. For 
many years, libraries have been cooperating to make the greatest 
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possible use of available information resources by sharing them 
through arrangements of varying degrees of formality. In a compre-
hensive survey of the development of library cooperation, Esterquest 
mentioned twelve types, including interlibrary loan, union catalogs 
and lists, regional bibliographic centers, cooperative storage, coopera- 
tive acquisitions, and cooperative cataloging.2 Each of these efforts 
has been regarded, in its time, as providing the solution to a pressing 
problem. Nevertheless, the difficulties in making such cooperative re- 
lationships work effectively have led to the downgrading of some and 
to the abandonment of others, 
A major impediment to the success of library cooperation has been 
the difficulty of maintaining a regular flow of up-to-date bibliographi- 
cal information among libraries, In  the last several years, however, 
two developments have given hope that this situation might be allevi- 
ated. The expanded operations of the Library of Congress under the 
National Program for Acquisitions and Cataloging have helped to 
speed the production and distribution of catalog records for current 
publications. In  the technical domain, the MARC Pilot Project and the 
MARC Distribution Service have demonstrated the feasibility of dis- 
tributing catalog data in machine-readable form. 
The second of these developments has taken place in a climate 
highly favorable to automation in libraries all over the United States. 
The possible applications of the computer to library operations are 
being explored in the belief that their efficiency will be enhanced. 
Using the new technology, libraries should be able to attain greater 
speed and flexibility in creating, updating, and disseminating biblio- 
graphic information. The anticipated success of this effort has, under- 
standably, rekindled enthusiasm for sharing resources through im- 
mediate access to a common bibliographic store and rapid transfer 
of information within a network of libraries. 
Experience has already shown, however, that even automating in- 
dividual libraries requires solutions to many difficult problems. Estab- 
lishing a workable automated library network involves difficulties of 
still greater magnitude, This paper takes a broad view of problems 
involved so as to identify and to analyze basic issues that tend to be 
glossed over in our eagerness to approach the goal. Inevitably, the 
discussion may overlap topics covered in other papers in this issue. 
The parts, functions, and attributes of a library network are so in-
extricably related that the examination of any element must impinge 
on other elements. 
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The Concept of “Library Network“ 
The literature in the past few years is rich in discussions of future 
international networks, national networks, state networks, regional 
networks, etc. Many network plans have been put forward. Neverthe- 
less, the lack of a generally accepted definition of a library network 
causes confusion. Becker and Olsen defhed a network as “an inter- 
connection of things, systems, or organizations, Adding the adjective 
informationto network allows the concept to be defined with greater 
precision. In an information network, more than two participants are 
engaged in a common pattern of information exchange through com- 
munications for some functional purpose.” Within this definition, the 
authors described the ideal information network as exhibiting the 
following characteristics: formal organization, a communications sys- 
tem, bi-directional operation, a directory look-up system to identify the 
unit that must be able to respond to a queiy, and a switching cap- 
ability to determine optimum routes. 
On the basis of this definition, a single library can be shown to be 
an information network for its staff and users. The library has a 
formal organization governed by established policies and procedures. 
The staff is grouped into divisions with distinct functions (e.g., cata- 
loging, reference, circulation). The interfaces among divisions through 
individual staff members using common files and the interaction of 
staff and files with users constitute the communication system. The 
directory look-up is provided by the bibliographic control apparatus 
which comprises all of the files for locating items in the library collec- 
tion. The main catalog affords the most complete coverage; some of 
the other files are tangential to it; the contents of others overlap. 
The library staff serves the function of a switching mechanism to 
determine optimum routes for queries. For example, a user seeking 
an unbound serial will be referred to the serial record instead of the 
main catalog. The flow of information is bi-directional. A reference li- 
brarian responding to a user’s query uses one or more of the bib- 
liographic control devices. If he finds them inadequate or incorrect, 
he notifies the cataloging division (in effect, a cataloger) which may 
change or add to the information in the files. 
The requirements for the ideal “single library” network include 
accurate and up-to-date information. The network communications 
function efficiently when they provide an “immediate” answer to a 
query even if the answer is negative. (The word “immediate” in this 
context means within the required response time, whatever that may 
APRIL, 1970 
H E N R I E T T E  D.  A V R A M  
be. ) A negative answer is hardly satisfactory, however, particularly 
if it results from a failure to generate information rapidly enough 
(as might be the case when there is a cataloging arrearage), An even 
more common difficulty arises when the information is somewhere in 
the network but technical or organizational shortcomings inhibit its 
flow to the desired point. This situation occurs frequently when the 
bibliographic control apparatus comprises many separate files. 
This concept of a “single library” network can be projected into a 
national network of libraries, using virtually the same framework with 
additional hierarchies or levels, and increased bi-directional capability. 
The switching mechanism no longer depends on individuals but rather 
on well-defined nodes or centers that transmit requests to the appropri- 
ate information resource by the most expeditious route and transmit 
the relevant material back to the source of the query. 
If a network were organized with major regional centers as the 
intermediate nodes, it might seem that to avoid traffic congestion 
when those centers access the national bibliographic store, the entire 
data base would have to be entirely duplicated in several places, This 
could be avoided if each intermediate node assumed national re-
sponsibility for a subset of the total information base; that is, records 
that could be specifically categorized by language, date, subject, or 
type. A hypothetical network for sharing cataloging data might have 
regional nodes that maintained union catalogs for their respective 
areas and also served as distribution centers for particular segments 
of the national data base. The national center would distribute its out- 
put to every regional node which would keep all records for a pre- 
scribed period. As records were supplied to libraries in a region, they 
would be posted to the regional union catalog and to the national 
bibliographic store. At the end of the stated retention period (say, a 
year), the regional node would delete all records outside of its na- 
tional responsibility if they had not been added in the regional cata- 
log. This procedure would reduce the file in the regional nodes. The 
rapid flow of information in the network would be facilitated by the 
ability of a regional node to satisfy many requests from its member 
libraries and to route others to another regional node known to be 
responsible for a given category of record. In addition to being the 
primary distribution point for newly generated records and possibly 
a regional center in its own area, the national bibliographic store 
would serve as the court-of-last-resort for requests outside the scope 
of any regional center. 
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As long as the network designer is using paper and pencil and 
hypothesizing without constraints of cost, organization, legal implica- 
tions, etc., there is practically no limit to the kinds of networks that 
can be created by assigning different values to the building blocks and 
assembling them in different ways. In practice, however, the success 
of a library network will depend on the extent to which it satisfies 
certain basic requirements. 
Requirements for a Library Network 
The preceding section was not intended to provide a blueprint for 
a library network. Its main purpose was to show that many of the 
problems of a library network and those of an individual library differ 
in degree but not in kind. Thus, it is not surprising that difficulties 
that have plagued libraries for decades still persist in the age of the 
computer. In  this section, some of these problems will be explored in 
more detail in two main categories: 1) standardization of the biblio- 
graphic record and 2)  technical considerations. 
A third element which is not considered in this paper is the need 
for sufficient information in the network. In absolute terms, the infor- 
mation store depends on the level of financial support of the libraries 
comprised by the network. If they are unable to acquire and catalog 
the materials to satisfy the needs of their users, the amount of informa-
tion available will be below the required level. In  relative terms, 
however, the solution lies in the adequacy of the links among the li- 
braries. The dominant purpose of standardization of the bibliographic 
record and the provision of means of rapid communication is to facili- 
tate the pooling of bibliographic information. If these conditions are 
met, the amount of information in the network will tend to equal the 
sum of the information in all of the individual libraries. 
Standardization of the Bibliographic Record. I t  is easy to minimize 
the difficulties in creating a bibliographic record that is standardized 
in format and content. To achieve the ideal result, agreement must 
be reached on four major points. 
1) There should be a standard set of rules for describing and ana- 
lyzing bibliographic items. Great progress has been made toward this 
goal by the formulation and general adoption of the Anglo-American 
Cataloging Rules for the creation of catalog headings and the de- 
scription of bibliographic items. The situation with respect to subject 
analysis is somewhat less clear. Library of Congress subject headings, 
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LC classification schcdules, and the Dewey Decimal Classification are 
widely used in American libraries. In practice, however, the applica- 
tion of classification schedules and subject heading lists may differ 
from library to library (or even cataloger to cataloger) because there 
are no generally accepted procedures for analyzing the materials 
being cataloged. The development of clear guidelines for subject ana- 
lysis is highly desirable, particularly if local records are to be posted 
to a national data base. The task is formidable, but any success in 
accomplishing it will contribute significantly to the consistency and 
manageability of the data base, 
I t  is obvious that equally difficult problems must be solved before 
international standardization is possible. Nevertheless, it is encourag- 
ing to note the International Meeting of Cataloging Experts held in 
Copenhagen in August 1969. The purposes of the meeting were to 
review cataloging developments and to examine the prospects of cata-
loging advances through standardization and mechanization and, in 
this connection, to consider the national bibliographies, the Shared 
Cataloging Program, and the production of cataloging data in ma- 
chine-readable form. The aim was to arrive at conclusions of practical 
value which will further international uniformity in cataloging. I t  is 
to be hoped that this meeting has set the stage for further progress 
in international cooperation and provided the climate for the advance- 
ment toward the ultimate goal of a true “sharing” of information re- 
sources. 
2)  Bibliographic records should be prepared in relation to a stand- 
ard data base. The principal aims of descriptive cataloging as com- 
monly practiced by libraries are: a )  to provide a unique description 
of each item, b )  to bring together the works of an author, and c )  to 
bring together editions of a work. The first point can usually be re- 
solved by rules alone. The second and third, however, require the 
establishment of a consistent form of name for a particular catalog 
and the coordination of each new record with existing records. It 
is obvious that both a file of name authority records and a known 
data base of bibliographic entries must be readily accessible to the 
originators of catalog records to insure consistency. Without a method 
for distinguishing items as being unique or for relating them to other 
items in the file, bibliographic control becomes a Tower of Babel for 
the librarian and, in turn, the user. 
The problem becomes evident when the experience of the National 
Union Catalog (NUC) is examined. Reports for the same biblio-
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graphic item are frequently received in widely different forms, In a 
discussion of the NUC, a recent study concerned with the conversion 
of retrospective catalog records to machine-readable form states “that 
wide variations in bibliographic description would make it difficult 
to identify many of these records as being for the same item.”5 
Some of the confusion among catalog records is attributable to 
differences of interpretation of the rules and information on the publi- 
cation. Much of it, however, occurs because outside libraries cannot 
conveniently obtain up-to-date information about the preferred form 
of heading. A search of the book catalogs of the Library of Congress 
is often time-consuming and sometimes yields a heading in an obsolete 
form. Ready accessibility to a current source of established names is 
one of the benefits that an automated library network should provide. 
The records being disseminated by the MARC Distribution Service 
constitute an acceptable body of standardized bibliographic data for 
English language monographs. It is not yet a complete source of 
cataloging data for subscribing libraries, however, because it does not 
provide information about see and see also references for the headings 
used in the records. The Library of Congress is aware of this draw- 
back and plans to distribute reference control information as soon 
as possible. When this is done, the MARC data will become a subset 
of a true national bibliographic store. 
The body of standard cataloging data in machine-readable form 
will be enriched as retrospective records are converted. The RECON 
Pilot Project now under way at the Library of Congress promises im- 
mediate benefits through conversion of approximately 69,000 English-
language records. Expansion of the MARC Distribution Service to 
cover other languages and a large-scale conversion project for retro- 
spective records are other possibilities in the foreseeable future. 
3 )  There should be a standard set of rules for structuring machine- 
readable records for all forms of material and labeling their data ele- 
ments, There is a growing acceptance of a basic structure for a format 
that prescribes the physical layout, leader, directory, control fields, 
and variable fields. This structure was designed in collaboration with 
many groups and is being considered as a national standard by the 
United States of America Standards Institute upon the recommenda- 
tion of its Section Committee 239 (Library Work, Documentation, 
and Related Publishing Practices), The format has been adopted by 
the American Library Association, the Special Libraries Association, 
the National Libraries Task Force on Automation and Other Coopera- 
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tive Services, the Association of Research Libraries, the Committee 
on Scientific and Technical Information (COSATI ), the Federal Li- 
brary Committee, and the British National Bibliography. The MARC 
I1 format used by the Library of Congress conforms to this proposed 
standard. 
Progress is also being made in the definition of content designators 
that explicitly identify data elements for different forms of material. 
Both the Library of Congress and the British National Bibliography 
are using essentially the same format for bibliographic descriptions 
of monographs. The Library of Congress has issued a recommended 
serials format to elicit comments from the library community, The 
Library of Congress has also designed and is using a format for single- 
sheet maps and is making progress toward definition of content desig- 
nators for audio-visual material. COSATI has defined content designa- 
tors for technical reports to bc used by executive agencies in the 
federal governmcnt. All of these formats hare the same basic struc- 
ture. 
Agreement on a common format has made possible the exchange 
of machine-readable bibliographic records between the Library of 
Congress and the British National Bibliography. The potential ad- 
vantages have led Coward to assert that “a MARC record service 
must transcend national boundaries; it must have an authority which 
makes its records acceptable to librarians anywhere in the world; and 
it must strive to be as complete as is humanly possible, I do not think 
that there is any future in attempting to produce a national service 
unrelated to other national services.” The growing international 
interest in the transmission of bibliographic data in this form is also 
exemplified by a French translation of The MARC II Format.? 
4) There should be a standard degree of completeness of the data 
elements in a machine-readable record. Within the basic structure, 
records can vary in two respects: content designators can be simplified 
and data elements can be omitted. For example, a name entry could 
be identified simply as a name rather than defined by type, or, the 
bibliographic description could be streamlined by omitting notes. 
The Library of Congress and the British National Bibliography have 
taken the position that the records they distribute should be as rich 
in detail as possible. Their premise is that, on the basis of present 
knowledge, it is impossible to define rigorously every potential use of 
a machine record. Therefore, the difficulty and cost of augmenting 
a record make it prudent to provide a full record even if unwanted 
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items may be deleted later. On the national level, it seems unwise to 
do less than is now being done. 
With more study of the effect of different levels of content designa- 
tion in MARC records, it may be possible to simplify encoding biblio- 
graphic records without detriment to a cohesive library network. The 
minimum degree of completeness of bibliographic data will be deter- 
mined by what is required for uniqueness in the master data base 
(see item 2 above) if there is to be a bi-directional flow of data. Where 
data flows only in one direction (for example, from regional center 
to a local library), records at the lowest echelon in the network (local 
library) may be less complete than those at  the national level. Levels 
of MARC records and their implications will be studied during the 
RECQN Pilot Project. 
Technical Considerations. Many problems must be ~0h7ed and ques- 
tions answered before a true national library network can be created. 
In a recent review, Bregzis stated: 
Although the concept of a central bibliographic data file has lately 
become quite popular in library automation plans, the problems 
arising from the massive size of such a file, the complex logical 
structure of records, multidimensional interrelationships among 
records, and technical constraints associated with data storage, 
access, and telecommunication have generally been overlooked or 
dismissed. , . . Whether library technical processing, as it is pres- 
ently known, permits large-scale consolidation even under com-
puter control is an open question and not beyond doubt.8 
Although it is impossible to discuss every technical consideration 
vital to the creation of a successful national network, this section will 
mention some important factors that are often ignored by network 
planners. 
1) The dynamic characteristics of bibliographic records are fre- 
quently underestimated and as a result not enough weight is given to 
the requirements for updating. Not only does the increased growth 
rate of printed material affect the problems of the initial control of 
library holdings, but maintenance of the bibliographic records them- 
selves becomes increasingly difficult, albeit indispensable. A recent 
analysis of the extent of changes in Library of Congress catalog cards 
in the RECQN study provides convincing evidence that ignoring 
changes made to records in an active catalog would result in a signifi- 
cant loss of the quality of the cataloging information. 
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The MARC Distribution Service does reflect most of these changes. 
Any substantial change in the LC Official Catalog (e.g., a change in 
main, added or subject entry) triggers a revision of the machine- 
readable record and this updated record is, in turn, distributed to the 
subscribers as a “change” record. However, some “housekeeping” 
changes are not distributed to the user. For example, the Library does 
not update the MARC record of an incomplete set as volumes are 
added unless the record contains a content note; the change is made 
only when the set is complete. 
This experience stimulates many questions in the context of a formal 
network. What is involved in maintaining bibliographic quality and 
accurately reflecting holding information? Would the records of every 
node in the network be updated? If every “change” record distributed 
by the national center has to be inspected by regional nodes to de- 
termine if the original record is in the regional system, there is a 
cascading effect throughout the network structure. What are the cost 
implications of the additional flow of information through the system? 
Would failure to update a t  every level of the network result in the 
problems of inconsistency that exist today? 
Assuming files will be organized in the same fashion as they are 
today (i-e., an in-process file, and a catalog record file), regional 
nodes will be required to store MARC records in a separate file until 
they are required in the regional system at least for some period. Any 
change record received might have to be compared against all files 
since at any point in time, there is no way to know where in the 
system the record resides. An alternative scheme could be the main- 
tenance of an index by LC card number which would have an asso- 
ciated communications field to indicate in which file the record is 
presently located. This index would require updating in its own right 
as the record moved from one status to another. The problem is com- 
pounded many times when one begins to envision the maintenance of 
authority files, the required links back to the bibliographic records, 
and the complicated machine procedures required to implement what 
really can be considered a “network in its own right. 
2 )  The method of data organization for the storage, retrieval, and 
maintenance of machine-readable files is heavily dependent on the 
requirements of the users of the system, e.g., optimum retrievaI cap- 
ability must sometimes be sacrificed to achieve a balance between 
maintenance and search efficiency. The size of the files and the com- 
puter hardware and storage media available are other variables that 
must be considered in system design, 
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The question of how best to structure information is not unique to 
the planners of automated library systems. A number of techniques 
have evolved, e.g., direct, random, inverted, indexed sequential, multi- 
list, ring, tree, etc. Depending on the scheme chosen, there are asso- 
ciated problems such as space management, dynamic storage alloca- 
tion, nesting, paging, address calculation, etc. It is not the purpose of 
this section to give a detailed presentation on file organization, but 
rather to emphasize the need to understand the complexity of data 
organization when library networks are being considered. The in- 
terested reader will find more detailed exposition in several excellent 
articles (See Additional References). 
Assuming the existence of a suitable computer and storage media, 
the designer must ask himself early in the planning stages, “What are 
the elements in bibliographic data that are frequently used as search 
arguments and therefore should be selected as keys?” Beyond the 
commonly accepted elements of author, title, and subject (and not 
necessarily in that order), there is little agreement among librarians as 
to a rank order of importance of other descriptive items. And, so far, 
catalog-use studies have failed to provide this type of substantive data. 
Even if this information were available it would probably not be 
possible to design a system that would provide 100 percent satisfaction 
for all users. To do this would require making available every data 
element as a key, If the system to be designed was an inverted list 
structure, the use of every data element as a key would require a 
dictionary of attributes and machine addresses which might be as 
large or larger than the data file itself. Although this technique satis- 
fies the retrieval requirement, the problem of maintenance of a large 
dictionary is difficult and costly. Other file organization strategies 
could be employed, but without sufficient knowledge of the most use- 
ful access points, there is little basis for evaluation of one technique 
over another and planning cannot be accomplished with confidence. 
Another important question is whether the file structure for library 
networks will be the same for all forms of material. For example, post- 
ing holdings information for serials is a problem of far greater mag- 
nitude than the related task for monographs because serials frequently 
change titles, merge, and undergo other transformations. The very 
nature of serials appears to demand an organization of the files that 
will allow linking of one record to another so that regardless of the 
title or issuing body requested, a query will be satisfied or a new item 
posted. 
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How will we organize the subject heading file and the name refer- 
ence file and guarantee that any addition, deletion, or change to one 
of these files will manifest itself in the main bibliographic file when 
applicable? What is the complex organization that will provide linkage 
from element to element and record to record within a file, and 
element to element and record to record from one file to another or 
perhaps to several? 
If the National Union Catalog of 7.5 million records is considered 
as an approximation of the size of the bibliographic data base at the 
national node and each record is estimated to be 500 characters in 
length, the storage capacity at the national level would have to ac- 
commodate 3.75 billion characters, Added to this already voluminous 
count would be name reference records and the subject heading rec- 
ords plus the Characters required to provide the linkage or the over- 
head of the system. Needless to say, the technique chosen for the 
organization of bibliographic files must undergo a careful evaluation 
of cost of overhead versus the advantages of potential retrieval. 
Even if the decision were made to plan library networks based on 
current cataloging only, the problem, though not quite as formidable 
to start, would still fall under the heading of “large files” with the 
same complex relationships and would present the same perplexing 
technical considerations to the designers. (The Library of Congress 
catalogs approximately 200,000 new titles per year and it is estimated 
that the growth rate is 5 percent. ) 
Because of the great size of the files, one is forced to question 
whether it is necessary to store the entire bibliographic record in 
digital form or whether it would suffice to store a select number of 
data elements in digital form with linkage provided to the record in 
a slower microimage storage (this concept was suggested to the au- 
thor by Allen Veaner in a different context than this article). This 
is still another facet of the problem that is deserving of careful evalua- 
tion, measuring need against cost. 
3 )  A related but unsolved problem is that of the composition of a 
search code, A search code is a string of characters made up of se-
lected characters from one or several data elements, e.g., author, title, 
imprint, date, etc. A search code may serve several purposes: a )  to 
shorten the character comparison required between the search argu- 
ment and the records in the file (assuming the search code is a key 
associated with each record and the same algorithm used to develop 
the search code key is used to develop the search code for the search 
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argument), b )  to calculate an address in computer memory where 
pointers exist to the bibliographic records that contain the data ele- 
ments from which the search code was derived, c )  to cope with name 
variants caused by misspelling, transcription errors, name on title 
page not identical with established form of name, change of name due 
to inversion of the name, etc., and d )  to cope with title variants caused 
by misspelling, transcription errors, lack of definite knowledge of the 
title, etc. 
Some interesting work is already in progress in this area.1° I t  might 
well behoove the investigators in personal name searching in the li- 
brary community to explore what already has been accomplished 
elsewhere. The problems of searching files where a principal access 
point is by personal name is not limited to bibliographic work. A 
great deal of effort and funds have been expended to develop methods 
to search other large machine-readable files. Insurance companies, air- 
lines, and the Social Security Administration face this problem and the 
problem of variant names is a severe one in the Immigration and 
Naturalization Service, the Federal Bureau of Investigation and, in 
fact, all intelligence activities. 
Assuming storage capacity, some optimal file organization, the de- 
velopment of search codes, etc., does the operation of a library net- 
work imply that the same hardware configuration with the same soft- 
ware is implemented at all major levels in the network? What is the 
price tag to fulfill a national responsibility? 
4) If networks are to become a reality, the coded representation 
of symbols required for the encoding, storage, retrieval, display and 
transmission of bibliographic records must be standardized. A review 
of the work performed during the last decade indicates not only the 
awareness of the need for standardization of codes for the representa- 
tion of characters, but also the need of the associated hardware devices 
to input and to display these characters. 
Progress in the development of data input dcvices has generally 
lagged behind the technical development of other functions in auto- 
mated systems, Therefore, data input tends to remain the slowest and 
least efficient function and the one most prone to error. This condi- 
tion is exacerbated by non-numeric processing where the data may 
contain virtually any symbol. 
The Library of Congress designed a character set for the represen- 
tation of Roman-alphabet languages and it includes many special 
characters and diacritical marks for those languages. The MARC Dis-
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tribution Service utilizes this character set. It was recognized that no 
print train/chain or terminal device existed that could display this 
character set at present. The philosophy at LC was not to design to- 
morrow’s systems constrained by today’s technology. Therefore, for 
some time to come, the recipient of MARC tapes will have the burden 
of translating the MARC character set into the character set available 
to him at his installation. This may mean printing substitute characters 
for nonprintable ones, or stripping certain characters out completely. 
The result is extra processing time for each user and in addition, 
tailor-made software for each user depending on his particular display 
device. 
In  a library network, the need for a standard character set is even 
greater. If nodes in the networks use different sets of coded represen- 
tations, many tailor-made computer programs would be needed at 
each node to translate the data received from other nodes. 
The non-Roman alphabet languages pose problems of additional 
complexity. If a unique code on an input device signals an escape into 
another alphabet (e.g., code plus C equals Cyrillic alphabet), it is 
possible to use the standard keyboard to encode many alphabets. 
However, how does one display the language that has been recorded? 
Again, with the exception of photocomposition devices which most 
libraries cannot afford, the available devices are not capable of dis- 
playing the diversity of characters required for many different alpha- 
bets. 
The design of hardware that will satisfy the requirements for the 
efficient and economic input and display of bibliographic records is 
still in the developmental stages. The technology must be constantly 
monitored and systems modified as the state of the art improves. 
5 )  Large data banks must reside at more than one installation if 
the system is to be capable of satisfying a user even if one of the nodes 
is not in operation. It is not feasible to consider the transmission of 
large files on demand from one node to another in the eventuality of 
down-time on the prime system, i.e., the node the user should be 
accessing. Therefore, to maintain back-up, procedures would have to 
include the storage of files at several centers in the network. What 
is the impact of the duplication of the machine-readable library files 
to guarantee back-up? Will it be necessary to provide back-up at all 
echelons of a library network, i.e., the national data store, the regional 
data stores, etc.? 
6 ) The installation of a data transmission network implies the 
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linking of many pieces of hardware. When transmission problems 
occur, it may be difficult to determine which device is at fault-the 
computer, the transmission equipment, the data sets, etc. This prob- 
lem has a tendency to decrease as the network expands since alternate 
paths can be used to isolate the cause. In most instances diagnostics do 
exist that will determine computer failure. However, valuable com- 
puter processing time is lost during diagnostic processing and trans- 
mission time during alternate path testing. The maintenance of the 
hardware of the network must be taken into consideration when de- 
riving cost factors and projecting optimum utilization. 
7 )  The monitoring of centralized data banks in a library network 
will require that users have unique identification numbers for account- 
ing purposes as well as to insure that files cannot be altered by un- 
authorized individuals. Considerable research is going on in this area 
but the systems designed to date are limited and subject to being com- 
promised. Some of the proposed techniques look promising but as yet 
most have not been implemented and tested. There also has been no 
evaluation of the cost of any of the proposed methods in terms of hard-
ware and/or processing time. Although library files are not sensitive 
in the same sense as files such as those of personal dossiers, the in- 
tegrity of bibliographic files could be damaged either by accident or 
unauthorized use. Therefore, a safeguard scheme must be an integral 
part of the operation of a library network utilizing centralized data 
banks, 
Outlook 
Given the reality of these bibliographical and technical problems, 
what is the outlook for library networks? Librarians who have been 
involved with automation know that the design of a system is but 
one phase of the implementation of automated procedures. There 
comes a time when generalization must cease and we must face the 
hard facts of “how to do it.” Networks may be conceptually and 
technically feasible, but there is a long, difficult road to travel between 
here and there. The enumeration of problems in this article is not 
intended to lessen creative drive but to caution that separating the 
operable from the speculative is a necessary prerequisite for moving 
ahead. Those actively engaged in network planning may find consola- 
tion in Machiavelli’s observation: “There is nothing more difficult to 
take in hand, more perilous to conduct, or more uncertain in its suc- 
cess, than to take the lead in the introduction of a new order of things.” 
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THE L I B R A R Y  C O M M U K I T Y  is examining with 
great interest the claims which technologists are making about the 
ability of their contrivances to alleviate current library problems, The 
rapid rate of build-up in recorded information makes it imperative 
to give recognition to any device or system that may help to reduce 
library operational costs, curtail capital investments, or assist in pro- 
viding more effective library services, The relevant technologies center 
on the digital computer and its associated input/output equipment, on 
wideband and narrowband communication including wire and wire- 
less communication, and on microphotography. At least in principle, 
exploitation of these technologies should enhance the effectiveness of 
the library as an information tranfer center because of their power 
as information transfer mechanisms and their ability to streamline li-
brary business management, 
The effectiveness of any technological innovation which may be 
introduced into the information transfer side of library operations will 
ultimately be determined by the response of the library-user com-
munity to the innovation. The user-community yardstick of accept- 
ability includes scales of cost effectiveness, information-retrieval effec- 
tiveness and personal convenience. Thus in the design of hardware 
for library services, full recognition of the characteristics and require- 
ments of the consumer of the services must be given. 
The issue of how a digital computer should be organized for the 
library environment is a t  present unresolved. The options are several. 
One may choose, for example, to employ separate machines for busi- 
ness operations and information retrieval. Alternatively, a single gen- 
eral purpose machine, capable of handling both functions can be 
specified. Each approach brings forth pro and con arguments. The 
dual machine configuration is obviously the more expensive, particu- 
J. Francis Reintjes is Professor of Electrical Engineering, Massachusetts Institute 
of Technology, Cambridge. 
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larly if each machine remains idle for an appreciable part of each day. 
Nevertheless this approach may be necessary in order to avoid user 
dissatisfaction with the information-retrieval capabilities of the ma- 
chine-oriented library system. Should use of the computer for business 
management induce prolonged delays in the execution of requests for 
information retrieval, the user community may easily become dis- 
enchanted with the whole computer-oriented operation. Nevertheless, 
a single computer for both information retrieval and for library busi- 
ness management is attractive if management operations can be per- 
formed at times which do not degrade the quality of service rendered 
to the library user. 
New possibilities for computer architecture for library systems have 
been opened through the advent of large public utility-type computing 
machines which feature time-sharing of the facility among many users 
who may wish to engage it simultaneously and a capability which al-
lows each user to carry on a dialog with the machine as he negotiates 
for stored information. In  computer parlance this latter capability is 
dubbed on-line interaction between user and machine, 
On-line interactive computer systems have exciting implications for 
information transfer. Inherent in these systems is the ability to engage 
them from terminals located remotely from the machine. The con- 
venience of remote engagement directly by the person seeking infor- 
mation and his ability to negotiate back and forth with the machine in 
real-time as he zeroes in on precisely the piece of information being 
sought, make this type of computer configuration a most attractive 
item of equipment for the library of the future. 
Let us therefore examine the on-line interactive machine in more 
detail. We are at present only on the threshold of the on-line inter- 
active computing machine era. Although many such machines are in 
operation, they have been designed for a variety of purposes and with 
a broad range of performance capabilities; none have been tailored 
specifically to library applications. For information retrieval, the ma- 
chines work this way: the data base, formatted in accordance with a 
plan developed by librarians and computer programmers, is located 
in a secondary storage device of the computer. Typically the data base 
consists of a catalog of information about the documents being held 
in a collection. (The problem of storing full text in a computer is 
discussed below.) The storage device may consist of a set of magnetic 
disks which looks very much like a stack of phonograph records, or 
other forms of magnetic storage such as magnetic drums or magnetic 
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cdrds, Also stored in the machine is a set of computer programs which 
wnx to ietrieve the stored information when the programs are used 
in accordance with prescribed rille?. Since time-sharing computers 
c m  accommodate the computational or data processing requirements 
of 3 heteroqeneous community of users, one may also expect to find 
stored in such a mdchine, in addition to the library data base and re- 
trieial programs, a wide variety of other types of coniputer programs 
totally unrelated to the library function. Finally, there is also stored 
in the machine a set of executive, or control, programs which serves to 
manage the flow of information throughout the syc;tem. 
Jn order to engage the time-sharing coniputer. the user operates 
one of two types of comoles: either a typewriter console which is very 
similar in physical appearance to an ordinary typewriter, or a cathode 
ray ttibe (CRT) C O X ~ S O ~ Cconsisting of a typewriter keyboard for in- 
putting information and a television-like cathode ray tube for display- 
ing output information. Examples of these consoles are illustrated in 
Figiirm 1, 2 and 3. Great care is taken in the programming of these 
machines to make it easy for the user to express his commands, and 
an important feature of the programming is that it permits the user to 
interrupt his program and to alter his procedure as he progresses to-
Figure 1. Example of a Typewriter Console 
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Figure 2. Example of a Storage-Tube Display Terminal (Courtesy Corn-
puter Displays Inc.) 
ward his end objective. Thus, the user, in effect, carries on a dialog 
with the machine and works along with it as he solves his problem 
in an ad hoc manner. The power of the on-line interactive feature is 
that it enables user behavior to be dynamic; a user is able to make 
decisions on the basis of partial results and to plan his strategy for 
information retrieval as he goes along, The power of the time-sharing 
feature is that many users can engage the machine simultaneously 
without serious degradation in machine performance, While one user 
is thinking about his next step, the machine is actively serving another. 
Central to the time-sharing computer concept is the fact that while 
one user is pursuing his problem at his console, many other users are 
pursuing theirs at  other consoles. Each user is served in turn for short 
periods of time; the frequency with which the machine returns to 
an individual user depends on the number of users engaging the ma- 
chine and the complexity of their problems. Herein lies one of several 
unresolved issues with respect to these machines in the library appli- 
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cation. Granted that on-line interactive machines are ideal for infor- 
mation look-up purposes, it is still unclear at this point in time that 
they can be designed to provide prompt, efficient service for the total 
community served by a library. To date these machines are essentially 
untested in the true library environment, although some experimental 
results are available and experimentation is still underway. For the 
next four to six years, it appears the answer to this question will be 
influenced by the following interrelated factors: 
1) the quantity of information that is stored in the computer. 
This factor is, in turn, related to the size of the operational library 
involved; 
2 )  the size of the on-line user community, including the library 
user community and all others; 
3 )  the manner in which the data base is formatted and the 
character of retrieval programs that are provided for accessing the 
data base; and 
4 )  the hardware and software organization of the on-line time- 
sharing system itself. 
At present it is possible to maintain lo8 to lo9 English words in stor- 
age, and this number is growing. Let us assume we wish to computer- 
store a catalog for a library containing 1oj volumes, that we wish to 
devote lo2 words to a description of each catalog entry, and that we 
wish to have both subject and author as access points. The total num- 
ber of words in such a catalog is imprecise, since it depends upon the 
detail and depth of subject indexing. However, it is evident that a 
storage capacity of lo8 words is ample, and that with careful file 
organization, space for growth will be available. 
As a means of providing an improved catalog look-up system, one 
would like to think in terms of an expanded catalog in which individ- 
ual articles of each issue of professional journals are indexed and in- 
dexed in depth, It is conceivable that a catalog of this type for our hold- 
ings of lo5 volumes would demand a severalfold increase in storage 
capacity and thus would be taxing current storage technology to its up- 
per limit. Storage capacity would then be an especially crucial matter 
if these computer facilities had to be shared with other users whose 
interests were unrelated to the library application. 
Although most computers would be overtaxed under the above 
circumstances, the technology for building larger machines exists. For 
example, at the Atomic Energy Commission facility at Livermore, 
California, enough computer storage capacity is available to accom-
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modate the alphanumeric content of approximately lo5 books of 300 
pages each. This storage capacity amounts to approximately 1.5x lo1* 
bits. 
The size and composition of the time-sharing user community is 
certainly a factor in the determination of the effectiveness of these 
machines in a library environment. Machines that can accommodate 
thirty to forty users simultaneously are now operating and others are 
being developed which will accommodate many more. However, as 
the user population on a machine increases, its-response time to com- 
mands becomes more sluggish. The quality of service thus becomes 
marginal and user discontent is engendered; therefore, one can set 
forth a case for a computer which is dedicated exclusively to library 
applications. I t  appears that when one takes into account the storage 
and processing requirements for the information-retrieval and business 
administration sides of a computerized library, and the size of the 
associated library-user community, machines which are uniquely con- 
figured for library operations and reserved solely for library use may 
be in order. 
The conventional devices for engaging on-line interactive com-
puters are typewriter and cathode ray tube (CRT)  consoles. In both, 
commands to the computer are placed by the operator through a 
typewriter-like keyboard; output information is obtained as a typewrit- 
ten (hard) copy in the former device and as a television-like (transient 
or soft copy) display in the latter. Cathode ray tube displays write 
at  a speed which is at least ten times the 100 words per minute rate 
of typewriter consoles and are therefore more desirable for man-
machine dialog. I t  should be noted that a writing speed of 100 words 
per minute is below normal reading speed and hence imposes a drag 
on the reader. Hard copy output is inherent in typewriter consoles, 
whereas extra facilities in the form of either a high speed off-line 
printer or a separate dedicated display for hard copy purposes only 
must be provided when CRT consoles are employed. The need to 
have at least part of the output information ultimately available in 
hard copy form is universally accepted. The permanency and trans- 
portability of a written record make it mandatory to disseminate in- 
formation in this form. 
Although the superior writing rate of CRT displays gives them a 
clear advantage in an on-line interactive mode oiler typewriter con-
soles, several of their other attributes are controversial. Factors such 
as flicker, display brightness, crispness of characters, and character size 
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necessitate a variety of technical trade-offs in the design of these dis- 
plays, with the result that they are not usually optimized with respect 
to all these factors. In addition, many designers resort to CRTs with 
a green phosphor as the electroluminescent screen material because 
of its high brightness. It is thought by some that the library-user com- 
munity will find the greenish characters to be sufficiently annoying 
because of their strangeness to render CRT displays unacceptable. 
The alternative, a black-white, TV-type presentation is regarded by 
others as being too harsh and taxing on the eyesight to make it ac- 
ceptable under conditions of sustained close-up usage. 
Still others are skeptical of both classes of consoles because request- 
ing information through a typewriter is considered to be unnatural. 
Time will take care of this matter handily, however. Typing skill 
among the young generation is widespread, and opportunities to use 
computers and typewriter consoles are increasing, not only in high 
schools, but in many elementary schools. 
To be fully effective in library applications, consoles should incor- 
porate certain design features which may not be necessary in other 
situations. I t  is generally agreed that the number of characters which 
a library console is capable of generating should exceed the standard 
ninety-six characters specified by the American Standard Code for 
Information Interchange (ASCII) set but it is difficult to get agree-
ment on the exact number. The ASCII set, which includes upper- 
and lower-case Roman alphabet, Arabic numerals, and selected punc- 
tuation marks and symbols, should be supplemented by the Greek 
and Cyrillic alphabets (certainly the former ), and additional symbols 
which are commonly employed in the literature of the mathematical 
and life sciences. When all reasonable possibilities are included, the 
number ranges from a minimum of two hundred to seven or eight 
hundred. Obviously the latter figure adds substantially to console costs. 
Related to the size of the character-set is the size of the console 
keyboard. In addition to keys for ordering the character-set, one would 
like to include certain special purpose keys which can be struck in 
order to implement certain commonly used commands. Keys that initi- 
ate operations such as TRANSMIT FULL TEXT, TYPE AS SUPER-
SCRIPT (or  SUBSCRIPT), and DELETE, avoid the need to spell 
out the command and thus simplify procedures. However, keyboard 
design involves a trade-off. Too few keys add to typing time; too 
many pose problems akin to those of a grand organ in that the key- 
board becomes more difficult to master. 
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Still another consideration in console design for the library is the 
human factor. If library consoles are to be used by a substantial seg- 
ment of a community, they must be adaptable to a variety of personal 
requirements. During sustained use of the console, the operator must 
feel comfortable and at ease at his station, The viewing screen should 
be adjustable to his eyesight characteristics, table space should be 
provided for writing and note taking, and the surrounding environ- 
ment, including ambient lighting, should be conducive to easy reading 
of the material being displayed. 
Figure 3. A Refreshed CRT Display Terminal 
Figure 3 illustrates an experimental console being developed ex-
clusively for library purposes by Project Intrex." Its design has been 
made highly flexible so that user reactions can be observed as its 
special features are altered. The salient characteristics of the console 
are: a set of 192 characters; an ability to display a maximum of 1,736 
* Intrex, standing for Information Transfer Experiments, is a research project in 
library information transfer currently being conducted at  the Massachusetts Insti- 
tute of Technology, Cambridge, Massachusetts. 
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characters at a time; an ability to write superscripts and subscripts; 
a refreshment rate of the cathode ray tube display of fifty-seven 
frames per second in order to avoid annoying flicker; a set of status 
lights on the keyboard to advise the operator on the current progress 
of his requests; a set of wired function switches to enable the opera- 
tor to move quickly back and forth among several display frames of 
information; a set of programmable logical function switches beneath 
the CRT display to apprise the operator of the choice of procedures 
currently open to him (the labels for these switches appear on the 
CRT directly above the switches); a sixty-key keyboard; and an 
operator’s desk which includes writing and storage space, and facili- 
ties for raising, lowering, and tilting the viewing screen, It is expected 
that much insight into library console requirements will be gained 
from the reactions of users to this experimental console. 
Substantial progress is being made toward storage of full text in 
microfilm form and an ability to retrieve the full text thus stored 
through commands executed from computer consoles. In the foresee- 
able future it appears that the full text of documents will have to be 
stored outside the computer rather than in storage devices associated 
with the computer. The combined information content of alphanu- 
meric (letters and numbers) and pictorial text is too great to be 
handled by the types of computer storage devices that will probably 
be coming into service during the next five or so years. During this 
interval we must, therefore, look to non-computer techniques to solve 
current full-text storage problems. 
I t  is generally agreed that there are currently problems in full-text 
access within the conventional library. I t  is mandatory that we find 
ways to reduce the sheer bulk of material that libraries must handle. 
In other words, information must be compressed into a smaller volume. 
Another problem is related to information retrieval itself. As the vol- 
ume of materials that must be scanned or studied for relevancy 
increases, rapid accessibility to these materials becomes increasingly 
important. Furthermore, in a machine-oriented library, full text should 
be readily available at or near the consoles used to interro, @ate com- 
puter-stored catalogs. Thus, the requirement for high-density storage 
imposes a need for a medium which provides more compactness than 
does the printed page; the rapid accessibility feature implies a non- 
circulating store of full text; and the console-availability feature dic- 
tates either electrical transmission of text or duplication of full text 
storage facilities at each console. 
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In  their attempts to meet these requirements, technologists turn to 
storage media which involve either magnetics or some form of optics, 
and in both of these, they may store information in either image or 
digitally encoded forms. Image storage means that letters, numbers, 
drawings and pictures are preserved as variations in the density of 
the storage medium, whereas digital storage implies that all informa- 
tion is stored as patterns of coded signals. In digital storage the pat- 
terns are usually constructed in accordance with the binary number 
system-that is, as patterns of signals having amplitudes of either 
zero or one unit. No matter which form of storage is used, the storage 
medium must meet rigid requirements of long life, minimum deteriora- 
tion with age, durability in the face of repeated handling, and reason- 
able cost. 
Magnetic storage may be accomplished through use of tapes, disks, 
wires, drums or cards upon which a magnetic material has been 
bonded, and each of these forms may be used to store information 
independently of an associated computer. Optical storage involves 
either traditional photographic storage or holography. The latter tech- 
nique, although still in the research stage, offers excellent promise 
as a mass-storage device if it can be reduced to practice. 
It is insufficient to evaluate each of these storage media by them- 
selves; they must be considered together with the equipment used for 
displaying the stored information to the user. Ideally, display equip- 
ment should reconstruct the text, including drawings and photographs, 
with the same degree of resolution and contrast as provided by a 
printed paper copy. At present, only photographic processes can meet 
the combined requirements of high resolution and contrast, low cost, 
rapid reproduction and permanent hard copy, and these requirements 
are easily met only through the use of wet photographic processes. 
Electronic video recording and playback offers an interesting possibil- 
ity for information storage and retrieval but, unfortunately this tech- 
nique does not meet the total requirements set forth above for the 
library application. In  addition to short life and questionable dur- 
ability, magnetic tape recording equipment presently fails to meet 
the resolution requirement for high quality reproduction of pictorial 
images. Experiments have shown that text which is reconstructed on 
a line-by-line basis (that is, by line-scanning the original) should con- 
tain at least 1,OOO line pairs per page, minimum, and preferably 1,500 
line pairs per page. A line pair consists of a single full-density line 
followed by a single minimum-density line. The 1,500 line-pair require- 
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ment is mandatory when the original quality of text is poor or when 
very small type-size has been used for the subscripts and superscripts 
frequently found in texts dealing with mathematics and physical 
sciences. These figures correspond to a resolution requirement of 100 
and 150 line pairs per inch for a ten-inch page, or approximately four 
and six line pairs per millimeter. For comparison, the upper limit of 
resolution of photographic film is in excess of 400 line pairs per milli- 
meter. 
Microphotography as a means of reducing storage space for library 
materials is thoroughly developed and has been for many years. How- 
ever, its general acceptance has been slow to come, apparently for 
three reasons: lack of standardization on the reduction factor and 
physical form of the microfilm, dissatisfaction of users with microfilm 
viewers, and inadequate microfilm-to-hard copy printers. Very little 
progress is evident on standardization but some progress is appearing 
in the realm of microfilm readers and printers. Nevertheless there re- 
mains serious doubt whether the readership as a whole will ever sub- 
scribe with enthusiasm to the inherent constraints imposed on it by 
microfilm viewers. The superior reading comfort, flexibility and trans- 
portability of the full-size printed page places it in a preferred posi- 
tion. On the other hand, in the face of a cost of five cents to ten cents 
per page for hard copy, readers are likely to resort to a "first look" 
at film for decision-making, and then selectively move to hard copy 
for material of their choice. The lightweight, transportable, attach6 
case-size microfilm viewer that provides high quality images which 
can be comfortably viewed under sustained reading conditions without 
inducing eye strain, remains to be developed. 
The central issue on microfilm-to-hard copy printers centers on the 
degree to which the gray-level content of photographic illustrations 
must be produced, Obviously, the value of fine grain gray-level infor- 
mation in pictorial material depends on the importance of the role 
pictures play in each document. Where two-level black-white repro- 
duction - is adequate, microfilm-to-hard copy printers which employ 
electrostatic printing techniques are now available on the open market. 
Full gray-level rendering, however, still requires the use of optical 
photography. Rapid strides are being made in the development of dry- 
process photographic papers, Here microfilm-to-hard copy printing 
will benefit from the emphasis currently being placed on dry papers 
that can be sensitized from cathode ray tube displays, particularly 
those that have a low-level light output. Dry-process papers have 
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traditionally been insensitive (their ASA numbers have ranged from 
to l o p 2 ) ,but at least one dry silver paper with an ASA rating 
of approximately 1 is in the final product-development stage. 
As library users turn to on-line computers as look-up aids, they 
inevitably will expect rapid accessibility to the full text of documents. 
Guaranteeing delivery of full text in soft copy, film, or hard copy 
page form within a few tens of seconds at, or near, user consoles 
appears to be a valid goal for future library service, and the tech- 
nology for doing this now exists. Such a system might operate as fol- 
lows: a user seated at his computer console desires to see the full 
text of a document so he calls for the document by typing its identifying 
number. As a result, the document, which is stored on some form of 
microfilm, let us say microfiche, is automatically located in its storage 
device, the first page is automatically moved into position and elec- 
tronically scanned. The electrical image of the page is given the 
user’s station code and then transmitted oj7er a broadband transmission 
line to a viewing tube at the user’s location. The viewing tube captures 
the page image and holds it until the user calls for a new page. Should 
the user decide he wants a permanent rather than a transient (soft) 
copy, he may ask for a film strip of his document; a hard-copy print 
can be made from the film strip if he so desires, Typical times for 
these operations which have been demonstrated experimentally are: 
time to display first page of text on cathode ray tube, nine seconds, 
maximum; to display each succeeding page, five seconds each; to 
obtain a 35 m.m. film strip of a five-page journal article, ninety sec- 
onds; and hard copy printing from film, seven seconds per page. 
Although the above set of procedures has been demonstrated ex-
perimentally, practical design factors are presently preventing quick 
implementation of full-scale operational versions of such a system. 
For economical operation, the storage, retrieval, and electronic-scan 
equipment should be time-shared by all user stations. Automatic 
storage and retrieval devices which operate under computer control, 
provide the electronic scanning and transmission to a multiplicity of 
user stations, and accommodate any one of the several common types 
of microforms-roll film, fiche, cards, strips--are technologically 
feasible but unavailable as off -the-shelf items. Equipmcwt of this kind 
will be custom designed to individual specifications until uniform 
standards can be agreed upon and established. 
In order to minimize out-of-storage time of full trxt and to a\,oid 
long user queues, each microfilm frame should be scanncd only once. 
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Repetitive scanning, in the manner of conventional television, ties up 
material too long to permit achievement of guaranteed accessibility. 
For one-shot scanning, therefore, we are forced to a storage medium 
at each user terminal. Cathode ray storage tubes show excellent 
promise for this purpose but they need further improvements for the 
library application. Only three-quarter size pages ( approximately 6 
by 9 inches) can now be displayed, and resolution is, at best, 400 line 
pairs per page. This resolution is less by a factor of at  least three or 
four than minimum acceptable requirements for crisp, clear portrayal 
of text. 
In contrast, equipment for film terminals is in good shape. Sixty- 
second film development time is easy to achieve, and it is within the 
state of the art to cut this time by a factor of two or three if necessary. 
Since film terminals are substantially more expensive than storage 
tube display terminals, it is likely that a single film terminal will serve 
several user stations. 
Transmission of full text over wideband transmission lines imposes 
more economic than technological problems. Locally, textual images 
can be transmitted over distances of one-half mile or so simply by 
wiring the environment on a point-to-point basis with co-axial cable. 
Beyond that distance re-amplification of the signals is necessary to 
insure favorable signal-to-noise ratios. Signal routing through common- 
carrier telephone facilities is unnecessary if transmissions are confined 
within a private community, but for communication across public 
right of ways, either telephone facilities or privately-owned micro- 
wave links may be employed. Phone company facilities for long-dis- 
tance interurban transmission of wideband signals are operational 
or under active development. Bell Telephone’s T-1 carrier system for 
intercity communication under fifty miles digitizes all information 
prior to transmission and accommodates roughly 1.5 million bits of 
information per second. The T-1 carrier system is operational. An 
advanced system, T-2, for distances under 500 miles, will increase the 
transmission rate at  least threefold and should be operational in the 
early 1970’s. 
Optical character readers ( OCR’s) show promise as devices for 
digitally encoding printed alphanumeric materials. Their merit lies 
in their potential ability to encode faster and more accurately than 
keypunch operators. Their reading speed depends upon the particular 
piece of equipment, but may be as high as 2,000 characters per sec- 
ond. Multifont-reading capability is also possible, but the handling 
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of subscripts and superscripts poses a formidable problem. Because 
of the cost factor, it may be several years before OCR’s can compete 
economically with the manual-keypunching process. 
Interest in OCRs stems from their possible use for converting 
printed matter into digital form, Equally important is the digital en- 
coding of new material as it is generated. If one accepts the premise 
that printed documents will continue to exist in the foreseeable future, 
then a valid goal is to obtain a digitally encoded version of a docu- 
ment as a natural fallout at some point in the original document 
fabrication process. For example, the author might be expected to 
provide descriptive cataloging and subject indexing information upon 
submission of his manuscript for publication, or to furnish a digitally 
encoded version of his typewritten manuscript for automatic catalog- 
ing and indexing purposes, Alternatively, professional societies and 
book publishers might make available through their printers certain 
digitally encoded information as a natural by-product of a computer- 
controlled typesetting process, Beyond the fact that an inexpensive 
digital attachment to the common typewriter does not exist, it should 
be evident that important economic and social elements are involved 
in the direct procurement of digitized copy coincidently with docu- 
ment manufacture. These issues will, however, have to be resolved 
if large quantities of information are to flow inexpensively into the 
digital domain. 
Since, in the computer domain, information exists in electrical- 
signal form, it is naturally suited for transmission over wires and 
through space. In principle, therefore, it is unnecessary to duplicate 
digitized information at every library; each can specialize in a differ- 
ent field of information and each can draw on one another’s data 
bank through communication channels as requests occur. 
Figure 4 shows a network of three computers, at each of which 
five consoles are available. A user at each console may gain access 
to each computer through his local telephone switchboard. Connection 
between a switchboard and a geographically remote computer may 
be either on a dial-up basis or over a leased line, If several terminals 
in a cluster must share a single leased line, a possible queueing prob- 
lem can occur. Since each console terminal connects to three machines, 
the data format, the retrieval programs, and the manner of address- 
ing the machines must be either identical in order that only one 
set of procedures must be mastered, or the user population must 
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Figure 4. An Information-Transfer Network in which Each User Console 
is Connected Directly to Each Computer through a Telephone 
Switch 
the network configuration of Figure 4 is employed, standardization 
among information retrieval systems is of prime importance from 
the viewpoint of ease of operation. 
Figure 5 illustrates an information-transfer network configuration in 
which a local buffer computer is interposed between user and central 
computing facility. The buffer machine may serve to route requests 
to the proper central machine and to condition, or reformat, requests 
so that they will be recognizable in a heterogeneous machine environ- 
ment. Thus, in Figure 5, the buffer machines serve as message handlers 
or “information brokers” between the users and the main machines. 
1 
COMPUTER COMPUTER COMPUTER 
NO.1 N 0 . 2  NO. 3 
COMPUTER COMPUTER COMPUTER 
USER CONSOLES USER CONSOLES USER CONSOLES 
Figure 5. An Information-Transfer Network in which Each Console is 
Connected to the Main Computer through a Buffer Computer 
and a Telephone Switch 
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When a request for information is given to a buffer machine, it directs 
the request to the central computer which contains the information. 
In  the event the main machines are not identical and the information 
in each is formatted differently, the buffers also serve to reformat re- 
quests. These capabilities come, of course, at the expense of com-
plexity at  the buffer computer level, Note also in Figure 5 that single 
high data-rate lines are suggested rather than multiple low data-rate 
lines. 
A modification of the network shown in Figure 5 would permit 
local information retrieval to be handled directly by the local central 
machine. Only when requests must be filled by reaching out to an- 
other data base stored in a geographically remote machine would 
these requests be referred to the buffer machine. Thus the load on 
each buffer would be reduced by the amount of local traffic at each 
location. 
With respect to the telephone, there is no technical obstacle to the 
interconnecting of computers in any of the configurations illustrated. 
However, since leased lines are expensive and the alternative, on-
demand service, is subject to prolonged delays during peak telephone- 
load periods, it appears that approaches which minimize long distance 
communication will ultimately be preferred. 
AS yet, no exhaustive studies are available which resolve trade-offs 
among the various technological and economic factors involved in 
computer-library networks. hluch valuable information should be 
gained shortly, however, from a rather ambitious program now being 
sponsored by the Advanced Research Projects Agency ( ARPA) of the 
United States Government. ARPA is in the process of establishing a 
coast-to-coast computer communications network among several of its 
major contractors. The network, which should be at least partly oper- 
able by 1970, will link together an assortment of “multi-lingual” ma- 
chines on a time-sharing basis. Through this network valuable insights 
should be gained on matters pertaining to load sharing, inform at‘ ion 
transmission, and data sharing among machines that are geo-
graphically remote from one another. 
Information networks raise issues beyond those that are purely 
technological. The very existence of a library nctwork necessitates a 
commitment to the needs and requirements of the total population 
which the network seri’es. Such a commitment may be contrary to 
current policies of thc autonomous library. For exainple, the matter 
of priority in a queue of users seeking service is a delicate one. Do 
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local users have first call on locally stored information, or are all users 
in the net, local and remote, to be handled equally on a first-come 
first-served basis? Agreement must also be reached on the relative 
sizes of the data bases and computing facilities at the various nodes 
of the network, and these matters bear on others such as computer 
load sharing, computer and communications cost sharing, data base 
up-dating, and computer program maintenance and upgrading. 
In summary, a substantial body of computer, communication and 
microphotographic technologies are available for aiding business 
and informational-retrieval processes in libraries. Nevertheless much 
research and development work on new technologies must continue 
if the major functions of library systems are to be executed principally 
through the use of electronic equipments. 
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WHEREDO T H E  responsibilities for the planning, 
development, and management of a national serials data system lie? 
With the federal government? If so, through what mechanisms? Will 
such a national system come about through the voluntary merger of 
existing local, state and regional systems agreeing to submit them- 
selves to standards and controls in their own interests, or will it re- 
quire the imposition of an independent authority? 
AS individual librarians have applied computer technology to serials 
management within their libraries, and as these libraries have become 
associated in local, state and regional groupings, major capital invest- 
ments are being made, and independent management, policy and 
fiscal entities are being established, Are we on the way to creating a 
national serials “unsystem” rather than a national system, and when 
shall we pass the point of no return? 
The purpose of this article is to review recent trends in one particu- 
lar area of computer application and systems development important 
to libraries, that of serials data, in an effort to find answers to some 
of these questions. At the outset, I should like to provide a working 
definition of the words “system” and “network” as I shall use them. A 
“system” may be defined arbitrarily, as a confederation of interrelated 
functions under a single control leading to the production of useful 
products or services. A “system” may arbitrarily be distinguished from 
a “network in that the latter lacks a single control functional A “net-
work’ consists of independent or quasi-independent functional units, 
with interrelated functions and services and cooperatively-agreed upon 
standards, acting in a decentralized but reticulated mode. By this 
definition, one may refer to a municipal or county library system, while 
Scott Adams is Special Assistant to the Foreign Secretary, National Academy 
of Sciences, Washington, D.C. 
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an interlinkage regionally of functioning units under multiple juris- 
dictions, such as exists for purposes of interlibrary loan, constitutes a 
network. As the word is used in this paper, a serials data system would 
imply multiple units under some form of common control and pro- 
ducing a common product or service. A serials data network, on the 
other hand, would imply loosely associated, cooperative functions 
and services under independent controls. 
It may be arguable whether the functions and services implied by 
this paper require a national system, or whether they can be accom- 
plished through networking. My a priori position is that in order 
economically to continue the serials location function performed his- 
torically by the published Union List of Serials, a system under some 
form of centralized management is required, The discussion to follow 
will demonstrate this bias. 
T h e  Union List of Serials 
While systems in other areas (telephone, railroads) have demon- 
strated historically a pattern of merger and growth, the evolution of 
a national serials data system has demonstrated a reverse situation. 
A system assembled by librarians for producing a product (the Union 
List of Serials) and for providing a national service (location for inter- 
library loans) has broken down into a multiplicity of local efforts of 
questionable compatibility. While some evidence exists that larger 
systems are evolving, doubt remains that a national system can be 
reconstituted. 
The initial creation by the library community of the first edition 
(1927) of the Union List of Serials represented a national and even 
international integration of local efforts to create a serials location 
system. A list of serial titles held by libraries of the Chicago area 
(1901) grew through the participation of the John Crerar Library to 
a list of 12,000 titles in 1906. In 1916, this Chicago list became the 
basis of a North Central Union List which consolidated the holdings 
of principal research libraries in the Central States. 
After World War I, H. M. Lydenberg, working with an American 
Library Association committee, expanded the project still further to 
include all major research libraries in the United States, In 1925, that 
American Library Association committee agreed to include serial hold- 
ings of Canadian libraries. Under ALA sponsorship, the work of pro- 
ducing the first edition of the Union List of Serials under Winifred 
Gregory, as editor, and with H. W. Wilson Company as publisher, 
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took four years, Funding, estimated at $3S,OOO, was by advance sub- 
scription from participating libraries. 
The history of the first edition of the Union List of Serials denion-
strated merger and integration of effort. Standards governing biblio- 
graphic elements were established by committee, and the participants 
cooperated voluntarily to produce a product which would function to 
provide libraries and their users with two basic services: a )  authorita- 
tive identification of serial titles and thcir sponsoring organizations, 
and b ) location information to facilitate interlibrary loan, 
The first edition produced a $10,000 surplus by mid-1930; this was 
used to fund two supplements covering serials to 1933. In  1936, the 
H. W. Wilson Company proposed a second edition. The American 
Library Association created a Committee on the Union List; $48,000 
was advanced by the Rockefeller Foundation. 
The administrative history of the second edition was less smooth 
than in the case of the first edition, but in 1943 a second edition of 
the Union List of Serials was published. This contained 100,000 titles 
in 365 pages and recorded holdings from 650 libraries. 
Following its publication, a long series of discussions, investigations, 
and studies were initiated involving the processing department of the 
Library of Congress and the Joint Committee on the Union List of 
Serials. A central theme was the possibility of automating the serial 
recording function through the use of punched cards. To the late 
Alton H. Keller belongs the credit of first conceiving, in 1948, the 
application of automatic data processing to serial records. Keller, in 
planning the future of the Library of Congress’s serial record, pro- 
posed to produce a flexoline file by punched cards, the file to contain 
the following bibliographic elements: 
a )  distinctive title entry, 
F.: place of publication, 
c )  beginning and closing date of publication, 
d )  frequency of issue, 
e )  Library of Congress numbers for bound issues, 
f ) division of Library of Congress responsible for custody and serv- 
ice, 
g )  Library of Congress holdings, and 
h )  indication of current receipt. 
Upon completion of the Library of Congress’ flexoline file, some 
250,000 serial titles would be recorded. Keller suggested that ‘By using 
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these same methods, it should be possible to develop a Union Catalog 
of Serials on punched cards which would show the serial holdings of 
the larger American research libraries. This could be kept updated 
on a continuous basis, and from it, listings of publications and their 
locations could be prepared by subject, languages, country of publica-
tion, date, etc.” Subject control would be accomplished through as- 
signment of the Dewey Decimal classification. Keller’s proposal, well 
in advance of its day, even suggests that input from participating li- 
braries be in machine-readable form, 
The staff of the Library of Congress reviewed the Keller proposal 
over the next two years, identifying problem areas such as costs of 
editing the file, costs to participating libraries, and of course, the time 
involved in processing a file of an estimated 8 million cards. The Li- 
brary of Congress staff presented this concept to a meeting of the Joint 
Committee on the Union List of Serials in June, 1952. 
The forecasting of cost data benefited from the operating experience 
of Serial Titles Neuly Received issued by the Library of Congress 
( 1951-1952) which applied the flexoline-punched card technique pro- 
posed by Keller. An initial estimate of $935,539, involving editing, key- 
punching, publication, and the establishment of subject and country 
files, was increased to $1,095,682 by January, 1953. 
The Keller proposal involved keypunching title and holding infor- 
mation from the Union List of Serials (supplemented by other 
sources), printout for offset publication of a union catalog of periodi- 
cals, and the maintenance of auxiliary files by subject (Dewey Deci- 
mal) and by country. The resulting files were considered exclusively 
as the base of a publication system; the objective was to produce a 
published Union Catalog and specialized listings; and the size of the 
card file precluded any consideration of search. 
In the 1950’s the Joint Committee on the Union List of Serials had 
three major problems before it: a )  What to do about a third edition of 
the Union List of Serials? b )  What to do about Serial Titles N e d y  
Received? and c )  What to do about the Library of Congress’s proposal 
for a permanent Union Catalog of Periodicals on punched cards? 
It resolved the first by seeking a grant from the Council of Library 
Resources to produce the third edition, subsequently published in 
1966. I t  resolved the second by persuading the Library of Congress to 
broaden the base of its publication of Serial Titles N e d y  Received 
to include titles and holdings of other libraries. In 1953, this resulted 
in New Serial Titles. It resolved the third by seeking a grant from the 
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Rockefeller Fouudation to support a study published in 1'357 undei 
the title, A Permanent Program for fhe  Union List of Seriak3 This 
report, recommended that a linion Catalog of Serials, based on 
punched cards, should be established in the Library of Congress to 
provide a basis for publication on national and regional union lists 
as well as special lists by subject fields and by country of origin. The 
estimated cost of this project was $2,673,222 of which $975,000 would 
be used to subsidize reporting by participating libraries. Funding of 
this magnitude was considered impracticable, and the proposal died. 
Until 1961, however, the Library of Congress continued to use 
punched cards in preparing New Serial Titles. 
What can be learned from the foregoing effort to build a national 
union list of serials and to maintain it through the application of 
mechanization? First, it appears that all participants were preoccupied 
with the objective of a published union list. Little consideration was 
given to other means of providing the location functions which the 
publication served, despite the fact that as early as 1946 a proposal 
had been made that electric accounting machinery could be adapted 
to perform search functions.* 
Second, this preoccupation derived in part from the level of data 
processing technology then available. During the period when the 
possibility of mechanization was discussed, punch cards represented 
the technical limits of library applications. 
Third, costs and benefits were measured entirely from the point 
of view of preparing published lists. In the absence of estimates of 
the functional benefits a system might produce, were it capable other- 
wise of supporting the location search function, the benefits were 
underestimated. 
Fourth, whereas the Joint Committee on the Union List of Serials 
and the Library of Congress cooperated successfully in the prepara- 
tion of the third edition of the Union List and in the expansion of 
New Serial Titles, no clear resolution emerged as to the ultimate re- 
sponsibility of continuing the national effort. The one exception to 
this was the acceptance of responsibility by the Library of Congress 
to produce New Serial Titles as a mechanism to update continuously 
the third edition of the Union List. It should be noted that this updat- 
ing was a compromise in that it reported holdings for new titles by 
a limited number of libraries and did not reflect the changing national 
picture of retrospective and current holdings of serials across the coun- 
try. 
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The Trend Toward Decentralization 
Parallel with the effort to produce the Union List of Serials as a 
national location system, ran a tradition dating to the early days of 
this century of compiling local, regional, and special subject union 
lists. As early as 1901, the Library of Congress itself, published a union 
list of periodicals received by sixteen libraries in the District of 
C~lumbia .~  
The appearance of three editions of the Union List, each increasing 
in scope of titles and of library holdings reported, had little effect on 
the proliferation of such local lists. The second edition of the Union 
List contains, as an appendix, an impressive bibliography of published 
local and regional union lists as of 1954. 
Between 1940 and 1957, twenty-five union list projects were pub- 
lished, four-fifths of them regional or local.6 Seventeen more were 
announced or completed by 1962.’ Freitag, in 1964, updated the 
bibliography published in the second edition of the Union Lists of 
Serials with a listing including 364 union lists published in the U.S. 
She reports a hundred new lists known to her office since the publica- 
tion of the supplement, 
The motivations for the production of such local and regional union 
lists appear to be various. In most instances they reflect a pattern of 
local library cooperation in the interlibrary loan process. Smaller li- 
braries, excluded from reporting in the national Union List, have ap- 
parently been strongly motivated to publicize their willingness to 
share their holdings with their colleagues. In the special library field, 
for instance, a different category of libraries, industrial and coin- 
mercial, has been concerned with developing cooperation. Finally, 
the device of a union list has had an appeal to library systems operat- 
ing under a single jurisdiction such as a university library complex, 
both to facilitate reader access to the total library resources of the 
university and to avoid unintentional duplication in acquisitions. A 
large number of these local and regional union lists have resulted from 
the voluntary professional activities of library associations in pursuit 
of cooperation as a professional goal. Whatever the motivation, the 
publication of local and regional union lists has been a part of the 
American library tradition of interlibrary cooperation. 
The application of data processing technology to bibliographic in- 
formation about serials has built on the foundation of these uncoordi- 
nated local efforts rather than on the national tradition, It is historic 
irony that proliferation of local computer applications trod hard on 
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the heels of the decision to reject data processing technology for the 
production of a national union list. 
Without tracing in detail the history of data processing applications 
to serials control, it may be noted that the National Reactor Testing 
Station Technical Library at Idaho Falls, had a union list of periodical 
holdings of six libraries by 1960. The influence of the Library of the 
Advanced Systems Development Division, IBRI and the IBM-Endicott 
Library in pioneering applications for serials control, may be noted. 
As early as 1961, hIcCann reported on five spccial libraries which had 
developed data processing systems for purposes of serial subscription 
renewals, listing, routing and claiming.R 
A prototype application which attracted wide attention was at the 
University of California, San Diego, where a pilot operation was com- 
pleted in 1962, and a systcm covering 5,000 titles became operational 
in 1964.10 The development of an “anticipated arrival” card as the 
basis of check-in and claiming, was widely copied in other applica- 
tions. A primary purpose of the San Diego project was to produce a 
union list for all campus libraries at the University. 
Subsequent applications proliferated in the early 1960‘s with U. of 
Illinois ( Chicago),ll the National Science Library of Canada,12 the 
School of Medicine at Washington University,13 Purdue,14 and many 
others developing systems independently. As of September 1,1969, the 
Information Systems Office, Library of Congress, had a record of 300 
American institutions or groups of institutions utilizing data processing 
equipment for the purpose of serials control. In a large number of 
these cases, the application was directed toward the production of a 
published list of serial titles currently received or held by one or more 
units of a library system. 
Purposes common to these pioneer efforts appear to be: 1) to im- 
prove the processing of serials ( ordering, recording, claiming, bind- 
ing), and 2) to produce published listings of holdings and locatiom 
of one or more library units for staff and patron use. The proliferation 
of individual systems efforts during these pioneer days may be at- 
tributed to two circumstances which may be inferred from published 
accounts. First, the complexity of serials and their processing have 
long provided the profession with an intellectual challenge; experi- 
mentation with computer technology to solve long-standing problems 
offered exciting possibilities to the adventurous. Second, this type of 
application represented to the profession a prime opportunity for 
learning through doing. The significance of this educational experi- 
ence should not be discounted. 
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On the other hand, the proliferation of these independently planned 
systems has been costly; repetitious conversion and programming 
could have been avoided if a common data base had been in existence. 
Further, the emphasis was usually placed on the development of a 
system to support locally the serials processing function, not the loca- 
tion function. 
The decision to include data elements in these serial lists appears 
to have been arrived at independently. Some conformity has, however, 
been achieved, first through the influence of prototype systems such 
as the one at the University of California at San Diego, and second, 
through financial limitations which reduced the number of elements 
to a minimum, 
The Trend Toward Regionalization 
The production of individual lists by individual institutions repre- 
sents the initial application of data processing to serials control. Over 
the past few years there has emerged a second level effort to develop 
statewide or regional serials data systems, While the majority of these 
state or regional projects are in a planning or a developmental stage, 
and while a comprehensive listing would be difficult to compile, notes 
on representative proposed developments may be offered to indicate 
the trend. Excepted from these examples and deferred for later dis- 
cussion are instances of serials data systems of national pretension. 
Illinois. The Illinois State Library has under development a state- 
wide union list of serials planned to incorporate the holdings reported 
by approximately thirty small college libraries in the state. A 1965 un-
ion list of serials of the University of Illinois Libraries has been used 
as the basis of the list. 
Indiana. An initial project undertaken by the four state university 
libraries ( Indiana University, Ball State University, Indiana State 
University and Purdue), with funding from Title I11 of the Library 
Services and Construction Act, has been expanded to include the 
holdings of sixty-two public, academic and special libraries of Indiana 
and the Indiana State Library. This project is conceived of as a state- 
wide serials data bank, capable of association with any national net- 
work to be developed. 
New York. Two projects of statewide scope are under way. Led by 
the SUNY Syracuse Biomedical Communications Network Group, 
sixty library components of the State University of New York (SUNY) 
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have cooperated to publish a union list recording holdings for 25,000 
serial titles.16 This list includes all subjects except law. The New York 
State Library has developed plans for a New York State Union List 
of Serials under the three R’s program. This statewide list would build 
on the base of the SUNY list and would absorb other regional union 
lists which have been developed in New York State. Its scope in gen- 
eral would be the same as that of the third edition of Union List of 
Serials; it would, in a phased program, cover all the major resource 
libraries of the state, public and private, and would be designed to 
support the New York State Interlibrary Loan Program (NYSILL). 
Plans call for search as well as for publication capabilities. 
Ohio. In 1968, Wright State University published a union list of 
8,880 titles held by ten university and college libraries and twenty- 
nine special and public libraries in the Miami Valley of Ohio.16 In 
its research and development program designed to increase the avail- 
ability of library resources for use in the educational programs of 
Ohio colleges and universities, the Ohio College Library Center has 
assigned priority to a mechanized shared-cataloging system. It has de- 
fined as a later objective, work on a serials control system to be de- 
signed to facilitate library control of serials holdings in the state of 
Ohio. 
Oklahoma A list of current periodicals held by the Oklahoma State 
University and the University of Oklahoma has served as the basis for 
a union list of serials, scheduled for publication in 1970, which repre- 
sent the holdings of sixteen libraries. 
Oregon. The nine institutions comprising the Oregon State System 
of Higher Education have a union list of serials in an early stage of de- 
velopment. The data base and programs for this effort were acquired 
from the Union Catalog of Medical Periodicals System. 
Washington. Under the leadership of the Washington State Library, 
a three-step serials control system is being planned. The first step 
envisions a statewide listing of serial titles held by Washington li- 
braries; the second, the development of a serials control system for 
the Washington State Library and its branches; and the third, the 
production of a union list of serials with specific holding information 
for all libraries in the Washington State Library network. 
This is by no means a comprehensive list of state or regional projects 
in the planning or early developmental stage. As representative 
samples, however, they do indicate a trend toward the development 
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of larger cooperating units, away from the individual library project. 
Several generalized comments, based on personal correspondence 
with the planners of these statewide or regional systems, may be 
made: 
1. This trend has been abetted by funding from Title I11 of the 
Library Services and Construction Act amendments of 1966, which 
support the cooperative development of interlibrary loan networks. 
2. Nearly all these systems express need and desire to be com-
patible with any national standards and any national system to be 
established, 
3. In the absence to date of national standards (e.g., minimal data 
elements to be used for purposes of ident3cation and location), re- 
actions vary from deliberate deferral of projects, through cautious 
step-by-step activity, to a do-it-yourself philosophy. As one librarian 
states: 
Needless to say, a national serials system would ideally originate 
from the top and a single data format would be utilized by all 
the libraries desiring to go into it. , . , Libraries have traditionally 
developed their own systems without regard to compatibility and 
interchange for so long that it might be difficult to alter this pattern. 
Much of the reason for this pattern has been that higher level 
guidance has been too slow and individual libraries and librarians 
have been too progressive to wait indefinitely for such assistance. 
4. No librarian responsible for the development of these regional 
systems has proposed a master plan for a national serials system, 
although several have expressed a hope that their own systems might 
be considered a prototype for such a plan. 
The National Level 
Present efforts to achieve a national serials data system owe their 
impetus not to the library community, but to considerations at the 
level of governmental science information policy. As it became ac- 
quainted with the problem of document location, COSATI identified 
the need for a national system which would locate serial publications 
in science and technology. 
The System Development Corporation’s National Document-Han- 
ding Systems in Science and Technology proposed that the federal 
government assume responsibility for assuring the existence in the 
U.S. of at least one accessible copy of each significant publication in 
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science and technology. I t  noted that this responsibility extended to 
the holdings of private and university libraries, that a “national union 
listing and an indexing of document holdings of major libraries” was 
required, and further that “among the most serious needs that are 
not now being fulfilled within the library community today is that 
of maintaining a union list of serials.” 
COSATI discussions about the need for a union list system to aid 
in locating serials in science and technology led to a National Science 
Foundation (NSF ) contract with Information Dynamics Corporation 
( IDC)  to study the feasibility of a union list in machine-readable 
formals 
The IDC study, while concentrating more on the feasibility of alter- 
nate routes to building a large national data base than on the organi- 
zation and performance characteristics of a location system, concluded 
that the mechanization of a union list of serials in science and tech- 
nology was economically feasible. 
Despite the strong program interests of the National Science Foun- 
dation and the Council on Library Resources, both of whom were 
well-disposed to funding further work toward a national serials data 
system, a two-year period of inaction followed. Ultimately, the Joint 
Committee on the Union List of Serials established a subcommittee to 
draft a developmental proposal, and Dr. F. H. Wagman, its chairman 
and concurrently chairman of an American Research Libraries Ad Hoc 
Committee, reported in January, 1967, at a meeting on the Joint Com- 
mittee on the outlines of a three-phase proposal for a National Serials 
Data Program to be centered in the Library of Congress. 
The National Library of hiledicine and the National Agricultural 
Library expressed strong interest in contributing both to the support 
and to the conduct of the program, As a result, the proposal became 
absorbed in the more comprehensive plans of the three national li-
braries to coordinate the mechanization of their bibliographic process- 
ing functions. A public announcement of this cooperative effort was 
made in July, 1967, and a Task Force was appointed to implement 
specific projects, including the serials data program. Composite fund- 
ing from the National Science Foundation, the Council on Library 
Resources, the National Library of Medicine, the National Agricultural 
Library and the Library of Congress was arranged for the first phase. 
To the Library of Congress was assigned responsibility as executive 
agent. 
The Information Systems Office of the Library of Congress em-
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ployed Thomas Nelson Associates to survey libraries to assist in a 
determination of the relative utility of 278 bibliographic data elements 
relating to serial publications. Based on sampling the frequency of 
consultation of these elements, estimates were made of the magnitude 
of the file maintenance requirements, The information was consolidated 
and reported to the Joint Committee and the directors of the three 
national libraries. 
Noting that the selection of data elements represented multiple 
functions (identification and location, the processing of serials, and the 
study of the intrinsic characteristics of serials as a form), the three 
directors decided to limit the second phase of the project in two ways: 
by placing major emphasis on bibliographic elements required for 
identification and for holdings information, and by limiting the field 
to serial publications in science and technology. 
Responsibility for the second phase, or pilot project was assigned 
to the National Agricultural Library. The National Agricultural Li- 
brary has contracted with the Association of Research Libraries to 
provide a project leader and staff, and the pilot project started in 
July, 1969. The Task Force of the three national libraries continues 
to have an advisory role. 
Much basic fact finding was accomplished during the first phase. 
The exploration of desirable data elements led to the development of 
a MARC format for serial publication^,^^ and many problems were 
identified and resolved. Still lacking in this effort, however, is a 
simple, standardized format for the identification and location func- 
tions performed historically by the Union List of Serials. It is to be 
hoped that the pilot project will stabilize this format, thereby estab- 
lishing a model to which the developing local and regional systems can 
conform. 
Still lacking also is an adequate conceptualization of a search service 
system to provide nationally for the location function historically per- 
formed by the Union List of Attention has consistently been 
focused on the development of systems to produce printed products, 
rather than on systems to facilitate the search of files to provide hold- 
ings information on specific titles. There is need to create models of 
various configurations of local, regional, and national serials data files 
in order to design an optimum system to provide a national search and 
location function. 
The National Serials Data Program undertaken by the three na- 
tional libraries, while representing a lineal descendant of the Union 
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List of Serials, is but one of three developmental serials systems invit- 
ing participation at the national level. The other two are ACCESS, 
developed by Chemical Abstracts Service, and the Union Catalog of 
Medical Periodicals, developed by the Medical Library Center of 
New York. 
ACCESS 
Since 1922, the most widely used list of serials in a broad subject 
field has been the quinquennial list of periodicals abstracted by Chem-
ical Abstracts. In October 1969, the Chemical Abstracts Senice pub- 
lished ACCESS from a computerized data base. ACCESS is a vastly 
expanded version of this established service which was initially de- 
signed to help chemists locate within libraries the full test of the 
papers covered by Chemical Abstracts. 
The first edition of ACCESS contains over 16,000 entries for serials 
and 4,500 entries for monographs, in addition to a number of chemi- 
cal journals which pre-existed Chemical Abstracts.?l Holdings data, 
totalling some 727,000 locations, have been supplied by 325 libraries 
in the United States, and seventy-four libraries in twenty-eight other 
countries, 
The bibliographic data elements average twenty-four for serial 
entries and twenty-five for the non-serials. Of interest to librarians is 
the fact that entry both by direct title in the original language of pub- 
lication and by ALA cataloging rules are included in the elements 
for serials. The data base used to produce ACCESS will be used to 
produce quarterly supplements and subsequent editions of the pub- 
lished list and will also be searchable, so that lists of journals by lan- 
guage, country of publication, frequency of publication, type of jour-
nal, and other parameters can be produced. 
ACCESS represents a significantly large data base in the scientific 
and technical serials universe. Comparison studies between ACCESS 
and the lists of serials covered by nine other indexing and abstracting 
seniices in science and technology have shown that ACCESS includes 
from 29 percent (agriculture) to 82 percent (nuclear sciences) of the 
serials processed by other services. 
Union Catalog of Medical Periodicals 
As in the case of ACCESS, the Union Catalog of Medical Periodi- 
cals ( U C M P ) ,  developed by the Medical Library Center of New York, 
covers the serial literature of a broad subject area in science and tech- 
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nology. Unlike ACCESS, it is an open-ended system, capable of ex-
pansion and use at multiple locations, rather than a centralized 
operation under single managementq22 
With a data base of approximately 15,000 titles in the medical and 
paramedical sciences, a limited number of bibliographic elements 
(nine), a thoroughly tested package of computer programs, the 
UCMP owes its strength to its simplicity and wide availability. Any 
library or group of libraries may acquire the serials data base stripped 
of holdings information, post additional holdings data, and add titles, 
and create its own internal or regional union list of serials. 
The national use of the UCMP format and programs has grown 
rapidly over the past few years. Starting in 1967 with a group of 
eighteen medical libraries on Long Island, the system has expanded 
both geographically and in its subject coverage. Nine principal medi- 
cal libraries of Virginia, North and South Carolina and Kentucky (the 
VINSCKY group) were followed by twenty-two Texas health science 
libraries in producing UCMP-based regional union lists. Rutgers Uni- 
versity in 1968-69 broadened the UCMP data base to develop a uni- 
versity-wide union list of serial holdings, and together with the New 
Jersey State Library has proposed the use of the format for a statewide 
list. Eight medical school libraries in Missouri, Kansas, Nebraska, 
Colorado and Utah have used it to produce a union list of medical 
serials for the Central States Regional Medical Library Group, and as 
mentioned earlier, the format has also been proposed for statewide 
use in Oregon. 
The UCMP system has obvious appeal in that it is simple, easy to 
implement and operate. It is modest in cost, and it works-at least 
for the purpose of producing published lists. 
Discussion 
In these early years of computer application to serials, the following 
trends can be noted: 
1. Concurrent with the abandonment of the Keller proposal to 
base a national union list of serials on a punched card file, individual 
library applications began to proliferate. 
2. The local applications are now being superseded by statewide 
and regional systems. 
3. No national system with the same universality as the Union List 
of Serials has yet emerged. Three systems of national potential are 
under development in areas of science and technology. 
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This situation raises a number of questions for the library profes- 
sion and, el’en more importantly, for library users. The first question 
is: Do we want a national system for purposes of locating serials 
holdings? Some confusion of priorities exists between local systems 
to facilitate the processing of serials in individual libraries, and 
regional and national systems created to satisfy location requirements. 
If the profession agrees on assigning priority to a location function, 
should this function be accomplished by publication as heretofore? 
If so, should the concept of a comprehensive national union list of 
serials be revived, or should we depend on multiple local and regional 
published union lists? 
Is it feasible to design a location system which would depend on 
search of machine-readable files rather than on published products 
to accomplish the location function? How can we find out? Who 
would design, develop, and manage such a system? Could it be used 
to produce multiple published union lists, as well as to provide search 
services? What other benefits could such a system provide? 
Finally, to return to the questions raised in the opening paragraph, 
where does the responsibility for leadership lie? in the library pro- 
fession, through the Joint Committee on the Union List of Serials 
or the Association of Research Libraries? in the federal government, 
through the Library of Congress, the three national libraries task 
force, or through the Office of Education? 
If a national serials data system for location purposes is to emerge 
in the foreseeable future, these are all questions which call for earnest 
consideration and prompt answers. Otherwise we shall be burdened 
for years to come with fragmentary and partially compatible bits and 
pieces of an uneconomical network, frustrating to use and entrenched 
in practice, So far our approach to this question has been the reverse 
of that recommended by a former Librarian of Congress, Luther H. 
Evans, that “the matter [of union lists] should be dealt with first on 
a national basis before remnants of the task are left for regional solu- 
tions.” 23 
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LIBRARIANSARE gaining experience with localized 
computer systems, they are struggling with the problem of how to 
integrate the use of MARC data into their technical processing opera- 
tions, and they are contemplating the intriguing possibilities of a na- 
tional library network. As they do so, they are becoming increasingly 
aware of the necessity for converting their retrospective catalog rec- 
ords to machine-readable form which will be the foundation of the 
complex automated systems that the future requires. This article will 
address the question of why retrospective conversion is necessary, 
and it will attempt to show that it is a feasible objective by citing 
signscant research and recent, continuing large-scale conversion 
projects. It will explore the means by which retrospective conversion 
might be accomplished as well as cost and time projections. Emphasis 
will be placed on the Library of Congress’ current and forthcoming 
activities in this area because they are of particular significance in 
the creation of any national bibliographic data base in machine-read- 
able form. 
Why is retrospective conversion necessary? Most librarians have 
accepted the idea that conversion of current and future catalog rec- 
ords to machine-readable form is both a desirable and a necessary 
step in the automation process. Conversion of retrospective records, 
however, has always appeared to be such a formidable undertaking 
that few have been willing to face it. The case against retrospective 
conversion has been made by science and medical libraries on the 
valid grounds that most of the use of their collections is based on 
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recent or current materials and that time will solve the problem. The 
same rationale does not hold true for general research libraries be- 
cause the older materials in their collections are used more heavily 
and they continually acquire substantial quantities of retrospective 
materials. If the entire retrospective bibliographical record is not con- 
verted, these libraries will always be obIiged to maintain their old 
manual systems along with their machine systems, and they will never 
get the maximum benefit from automation. 
Libraries cannot seriously begin to design and implement “total’ 
or “integrated” systems until they come to grips with and solve the 
problem of converting their retrospective catalogs into a machine- 
readable data base. This data base would become the foundation for 
subsystems for various operations, such as circulation control, search- 
ing, cataloging and catalog maintenance, and interlibrary loan service. 
It would also provide the means of generating the management sta- 
tistics and information that are needed to improve library operations. 
Moreover, this comprehensive data base is obviously the foundation 
upon which networks must be built if the network concept is to be- 
come a reality. Actually, few librarians would question the desirability 
of having their entire catalogs in machine-readable form; they merely 
cannot believe that conversion can be accomplished, or accomplished 
at a reasonable cost. Let us discuss feasibility first and costs later. 
Six years ago, no major research library had even begun in any 
serious manner to convert its retrospective catalog records to machine- 
readable form. There was no standard bibliographical format; the 
coding and printing of upper and lower case and diacritical marks was 
still poorly understood and difficult to accomplish with the available 
equipment. Almost no one had gained any significant experience in 
converting large files of complex bibliographical data and few li- 
brarians would have known how to use the products of such con- 
version if they had been available. Today the picture is drastically 
different. A considerable body of experience has been accumulated 
and a great deal of solid research and development has been done 
in the conversion of mass catalog files. Harvard’s Widener Library 
shelflist conversion project was one of the early entries in the field. 
Routine conversion of its limited-entry shelflist in a local format was 
begun in 1965, and well over a half million entries of the estimated 
total of 1.6 million have been converted to date.l The Meyer under- 
graduate library at Stanford and the Ontario New Universities Li-
brary Project at Toronto, although more limited in scope, yielded 
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much valuable experience in conversion techniques, The Universities 
of Toronto, State University of New York-Buffalo, and Syracuse, 
among others, have converted portions of their shelflists or catalogs. 
The Library of Congress has developed the MARC I1 format and 
complex input systems, and has converted over 100,OOO entries into 
machine-readable form in the two MARC formats. In England, the 
University of Newcastle-upon-Tyne has converted its entire catalog: 
and Oxford University has embarked upon a major project to convert 
the pre-1920 Bodleian catalog using OCR (optical character reader) 
typewriters as the input medium and a format recognition program to 
lessen the manual editorial burdena3 
The Institute of Library Research at Berkeley has done an out- 
standing job of research, development, and publication on the prob- 
lems and techniques of mass bibliographic file conversion, principally 
in connection with its project to develop the design and speciikations 
for a Technical Processing Center for the California State Library.‘ 
Its publications set a standard rarely equalled in the library automa- 
tion field. In  1970 it embarked on one of the most ambitious, well- 
planned, and technically complex conversion projects that has been 
attempted to date, i.e., the conversion into MARC I1 structure and 
subsequent publication in book form of the estimated 900,000 records 
that form the 1963-67 supplement to the University of California’s 
printed catalog. The project will use OCR-font typewriters and a 
highly-developed automatic field recognition system to facilitate input 
and minimize manual tagging and editing. The completion of this 
project in 1971 will mark the beginning of a new era in file conversion 
and the experience gained should be of considerable value to LC’s 
Project RECON and other conversion projects. 
The body of experience and knowledge gained in all these projects, 
together with the many improvements and developments in hardware 
and software that have taken place in the last few years, clearly indi- 
cate that the state of the art is now sufficiently advanced to support 
the large-scale conversion of complete bibliographical entries in the 
MARC I1 format. 
While experience has shown mass conversion to be technically 
feasible at this time, it has also demonstrated that the cost is extremely 
high-in a range of one to two dollars per entry. Input keyboarding is 
only one of the costs and by no means the major one. Tagging the 
elements and editing the copy require the greatest effort and are the 
most difficult to accomplish since they demand personnel with train- 
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ing and experience in bibliographical work, and such persons are in ex- 
tremely short supply. Computer and other machine costs are also 
significant, as well as project direction, administration, space, and 
other overhead costs. Another major category of expense which is 
frequently overlooked or underestimated is the very high cost of soft- 
ware development-systems design, programming, and program 
maintenance. Expense is not the only problem; it is difEicult to find 
and hold the highly-skilled persons who are needed to do this complex 
technical work. 
The issue is no longer whether the retrospective record can or should 
be converted, but rather how it should be converted and at what cost. 
Here we come to a critical point. Unless some over-all national plan 
for centralized conversion of a standard record in a standard format 
is developed and implemented in the near future, many libraries will 
begin (as many have already begun) to convert their own catalogs on 
an individual basis. The result will be the repetitive creation of ex-
pensive local conversion systems producing non-standard or sub-stand- 
ard machine-readable entries. The combined cost of these separate 
efforts will exceed substantially the cost of a single centralized conver- 
sion effort which would provide a common bibliographical data base 
in the standard MARC I1 format from which libraries could draw a 
significant percentage of their catalog entries. 
The RECON Working Task Force under the chairmanship of Hen- 
riette D. Avram has recently completed and published a comprehen- 
sive study entitled, Conuersion of Retrospective Catalog Records to 
Machine-Readable Form; A S tudy  of the Feasibility of a National 
Bibliographic Service 5 (hereafter referred to as the “RECON 
Study”). This excellent study, which was underwritten by the Council 
on Library Resources, Inc., has in one stroke raised the prospect of 
a national centralized retrospective conversion effort from the discus- 
sion and speculation stage to a level of systematic analysis and con- 
crete planning. Since the RECON Study is now the basic document 
on LC-based conversion, this paper will necessarily draw upon and 
summarize many of its ideas and conclusions. For the serious student 
of retrospective conversion, library automation, or bibliographic net- 
works, no summary can take the place of the full text of that report. 
Most of the arguments that can be made in support of LC’s central- 
ized cataloging and card distribution service apply equally well to 
centralized record conversion, Indeed, if the MARC distribution serv- 
ice is a logical extension of LC’s current card distribution service, 
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then creation and distribution of retrospective catalog data in machine- 
readable form is an equally logical extension of that service as well as 
of the MARC service itself. Conversion of its retrospective record is 
essential for LC’s own future internal automation as well as for the 
card distribution service. Most of the experience, development work, 
and computer software that has been created for the MARC service 
-is directly applicable to an LC-based retrospective conversion project. 
In short, conversion of LC records in the MARC format by LC is 
clearly the most reasonable and economical course to pursue; this is 
the major conclusion of the authors of the RECON Study. 
So far, we have argued that retrospective conversion is necessary, 
that it can be done, and that it should be done centrally at LC with 
LC records as the starting point, Three other major considerations 
remain to be discussed: 1) the catalog or data base at LC which 
would be the most appropriate, 2)  the principal technical and cost 
considerations, and 3 ) the over-all method of implementing the project. 
With regard to the selection of the catalog or master data base 
to be converted, the RECON Study cites three important factors to 
be considered. There should be a high rate of duplication between 
materials covered by the data base selected and the collections of 
other libraries. The entries should have a high degree of accuracy 
and completeness, and certain types of entries should be excluded, 
such as serials and non-book materials. With these and other factors in 
mind there are only four catalogs which can be seriously considered 
for conversion: 1) the National Union Catalog, (NUC), 2)  the LC 
sheMist, 3) the LC official catalog, and 4) the LC card division record 
set ( a  catalog of printed cards in LC card number and, therefore, 
roughly chronological sequence ) . 
The NUC seems at first glance to be a likely candidate because 
of its size and comprehensiveness. In addition to its four million LC 
records, it contains seven million records that represent analytics, dis- 
sertations, local publications, foreign-language titles, etc., which are 
not on LC cards. These, however, are titles which are not held by 
many libraries and these entries do not come up to the standards of 
accuracy and completeness that are desirable in a master data base. 
Therefore the NUC was eliminated from further consideration, 
Drawing on experience gained from converting the Harvard shelf- 
list, the LC shelflist was this author’s candidate for conversion in an 
article in College G Research Libraries published in 1967.6 There 
would be many advantages to approaching conversion through the 
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LC sheElist if the shelflist were a reasonably accurate, up-to-date, 
and legible record. When the RECON Working Task Force considered 
the LC shelflist, it found that this file “contains a mixture of temporary, 
incomplete, and printed records with essentially no corrective changes 
beyond revision or updating LC class and book number. Nor are the 
cards legible enough to be microfilmed to provide a readable guide 
to locating the master records in the Official Catalog.”? Because of 
these deficiencies the shelflist was eliminated from further considera- 
tion. 
From the point of view of up-to-dateness, completeness, and ac- 
curacy, the LC official catalog would appear to be the most desirable 
candidate for a master data base. However, there are serious diffi- 
culties in using it directly for this purpose, The name portion of the 
catalog contains some twelve million cards of all kinds, and the task 
of searching out the four million discrete records produced since 
1898 would be formidable, These records frequently contain numer- 
ous additions and corrections and would be difficult to use as a source 
document for first conversion. For these reasons the RECON Working 
Task Force recommends using the LC card division record set for 
first conversion and then bringing up to date the resulting record 
after comparing it with the master entry in the official catalog. 
The card division record set consists of a master copy of the latest 
revised reprint of every LC printed card, arranged by card series and, 
within each series, by card number. The chronological nature of this 
catalog, its subdivision by series, and its legibility are potent argu- 
ments in favor of making it the starting point for conversion. The 
chief disadvantage is that not all changes in a catalog entry are cause 
for reprinting and therefore this record will have to be searched, 
compared with the official catalog entry and corrected to insure the 
level of accuracy and quality that a machine-readable data base of 
this nature requires. 
Even with this disadvantage, the record set is still the prime candi- 
date for first conversion because, like the shelflist, it has one of the 
characteristics most essential in a data base for a mass catalog con- 
version project: it is a large file that can be divided into a series of 
significant subsets that can be tackled and completed singly and used 
effectively as they are completed. The importance of this feature 
should not be underestimated, The Working Task Force recommends 
that the record set be divided by language categories ( a  tedious 
manual process) and that these categories be divided by time spans 
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of card series according to the table below.s This rearranged file would 
be microfilmed and a copy produced for the project; the original file 
would then be reconstructed for the card division. 
Number of 
Category Time span of card series records 
1. English language 1960-March 1969 386,000 
2. Romance and German 1960- June 1970 381,000 
languages 
3. English language 1898-1959 1,728,000 
4. Other Roman alphabet 1960-June 1971 137,000 
languages 
Nonbook materials 1960-June 1971 157,000 
5. Slavic languages 1960- June 1972 225,OQO 
6. Other non-Roman alpha- 1960- June 1973 256,000 
7. 
bet languages 
Romance and German 1898-1959 698,000 
languages 
8. All remaining catalog 1898-1959 682,000 
records 
This table clearly demonstrates the advantage of being able to 
divide a large file into a series of significant segments to which priori- 
ties based on various considerations can be assigned. Such a strategy 
is a reverse chronological conversion sequence with priority assigned 
to the categories in greatest demand (and with the fewest problems). 
It will tie in nicely with the recommended rapid phasing-in of addi-
tional categories of current catalog data to be produced by the MARC 
distribution service. In no language category would retrospective con- 
version begin until the current records in that category were being 
produced by the MARC distribution service. 
The RECON Study recommends that an initial conversion effort be 
made with English-language monograph records issued from 1960 to 
the beginning date of the current MARC service. This would be fol- 
lowed by conversion of Romance- and German-language monographs 
issued from 1960 to their beginning date in the MARC service (pro- 
jected for June 1970). Both should be completed within four years. 
The third category would be English-language monograph records 
issued from 1898-1959. The conversion of other categories might fol- 
low the sequence of the table above or might be modified in the light 
of experience gained with the first three. 
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One of the very difficult and important problems that the study 
recognizes, but rightly reserves for further investigation, is how best 
to obtain standardized bibliographical records for items that are not 
now in the LC record set. In other words, how can the master data 
base be expanded to become a truly national union catalog or data 
base in machine-readable form? Just as the problem of retrospective 
conversion had to await certain hardware developments, the establish- 
ment of a standardized format, and the accumulation of some practical 
experience with conversion, so the larger problem of how to create 
and maintain a true national union catalog in machine-readable form 
must await additional hardware developments. I t  must also await the 
experience and knowledge that will be gained by the conversion, 
organization, and manipulation of a substantial body of retrospective 
and current records. The Working Task Force wisely recognizes this 
and recommends moving rapidly toward the design and implementa- 
tion of a conversion system capable of handling a non-trivial pilot proj- 
ect of Enghsh-language records from 1960-68. 
Retrospective conversion is no longer a technical problem awaiting 
the development of better keyboard input equipment or even the 
long-heralded advent of direct-read optical character recognition 
(OCR) equipment. The last few years have seen the development of 
several input keying devices including the magnetic tape inscriber 
and the OCR-font typewriter which are well suited to the mass con- 
version of bibliographic data. One of the most surprising findings of 
the RECON Study is that the cost of conversion by direct-read OCR 
equipment, when it is perfected, would be slightly more than conver- 
sion of unedited records by magnetic tape inscriber when all systems 
costs are c~nsidered.~ The reason, according to the RECON Study, 
is that these devices will not be capable of reading non-Roman char- 
acters, diacritical marks, and other special characters. The machine 
would have to be programmed to reject records with an excessive 
number of unreadable characters and these records would have to be 
manually keyboarded. It was estimated that the number of records 
rejected might be as high as 10 percent. The cost of keyboarding 
corrections and unreadable records, added to the relatively high esti- 
mated cost of the OCR equipment itself, makes this alternative much 
less attractive than one might think. In any case, the importance of 
input keyboarding and the selection of input devices have been given 
more attention in the past than they deserved. These two factors to- 
gether account for only 16 to 20 percent of the total unit conversion 
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cost in the LC environment and whether one device is slightly more 
efficient than another is a relatively minor matter. The selection of 
an input device in a conversion project may well be made on the basis 
of criteria other than cost. 
Thus the need to await further breakthroughs on input equipment 
before undertaking large-scale conversion of bibliographical records 
has disappeared. We have the hardware for conversion, and we either 
have or know how to create the necessary software. The cost per rec- 
ord will probably never be much less than it is now, since 85 to 95 
percent of the costs can be categorized as manpower, and only 5 to 15 
percent as machine costs, and it is a fact that manpower costs are 
rising and machine costs are falling. It should be stressed that these 
cost ratios apply to the LC environment where the data has to be 
edited and corrected to the highest standards possible in order that 
it be acceptable for a national data base. In local environments where 
less complex procedures could be adopted and lower standards of 
accuracy could be tolerated, the total unit conversion cost might be 
significantly less and the manpower-to-machine cost ratio might be 
more nearly even. Indeed, a greater utilization of automatic format 
recognition programs might yield a more favorable result even in 
the LC environment. In any event, it appears that the chief obstacles 
to conversion are no longer technical; they are financial, political, and 
managerial. 
While detailed consideration of technical and cost factors is not 
appropriate for this general overview, a brief review of these factors 
is essential for a basic understanding of how the records can be con- 
verted and at what cost. The RECON Study considered six input 
devices: 1)keypunch, 2) paper tape typewriter, 3)  magnetic type in- 
scriber, 4)on-line typewriter, 5 ) OCR-font typewriter, and 6) direct-
read OCR (still under development), The keypunch and paper tape 
typewriter were eliminated as being technically unsuitable. The on-line 
typewriter and OCR-font typewriter were eliminated after a cost 
analysis showed them to be more expensive than the magnetic tape 
inscriber and direct-read OCR. The magnetic tape inscriber was 
deemed to be the most appropriate and least expensive device now 
practicable, while the direct-read OCR, although it is not fully de- 
veloped, was retained as a possibility on the assumption that it might 
be used for some portion of the file when it is perfected. The elimina- 
tion of the OCR-font typewriter as being too expensive is probably 
justified in the LC environment, but there is considerable evidence to 
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suggest that it may well be the most appropriate input device in other 
environments. 
The manpower and machine unit costs of twenty technical alterna- 
tive methods were analyzed and the four best ones were selected for 
detailed consideration. They were: 1) direct-read OCR (assuming its 
perfection in a few years) using a format recognition program, 2)  un- 
edited copy using a tape inscriber and a format recognition program, 
3)  partially-edited copy using a tape inscriber and a format recogni- 
tion program, and 4 )  fully-edited copy using a tape inscriber. The 
resulting copy would in all cases be manually compared against the 
LC official catalog and corrected. The total cost per entry of the four 
alternatives ranged from a high of $1.87 to a low of $1.51 in the third 
alternative with 94 percent of the cost ascribable to manpower and 6 
percent to machine costs.1° Of the manpower costs in this alternative, 
$0.52 is for partial editing which in this context includes partial cod- 
ing prior to input, post-editing to correct and augment the output of 
the format recognition programs, and editing of new data derived 
from comparing the interim records against the LC official catalog. 
This study confirms the conclusion that human editing in cataloging 
conversion projects is one of the most important cost factors and the 
trained personnel required are in short supply. That fact accounts for 
the intense interest that has developed in writing and utilizing auto- 
matic format recognition programs in such centers of conversion as 
Oxford, Berkeley, and the Library of Congress. 
The format recognition program envisioned by the RECON Study 
analyzes the data in a partially pre-edited machine-readable record 
and automatically assigns tags or content designators and coded in-
formation which make explicit what is implicit in the textual informa- 
tion on the catalog card. Partial editing means that the records have 
been pre-processed by a human editor who has supplied some cues 
which increase the accuracy and reliability of the format recognition 
program. The utilization of these techniques reduces significantly the 
cost and difficulty of the conversion process by putting the burden of 
tagging and coding on the machine where it belongs. The Bodleian 
Pre-1920 Catalogue Project is successfully using a format recognition 
program that was initially written by John Jolliffe for the British 
Museum general catalogue.ll The Institute of Library Research has 
successfully tested the ILR Automatic Field Recognition System, on 
several signscant samples. The goal of the System “is to achieve a 
full MARC I1 record without any pre- or post-editing/tagging. The 
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computer recognition algorithms work with the existing format of the 
catalog card, and have no special input requirements.”12 The system 
was developed for use in the University of California Union Catalog 
Supplement Project and promises to reduce substantially the amount 
of human editing necessary and thus reduce the time and the cost 
of the project. This approach, if it proves feasible in actual operations, 
could be used for inputting current as well as retrospective records 
and might even be adaptable to the LC environment. 
Applying the unit cost of the least expensive RECON Study con- 
version method, i.e., $1.51, the 386,000 English-language records in 
the record set from 1960 to March 1969 could be converted for an esti- 
mated $581,000. The cost of converting the 1,728,000 English-language 
records from 1898-1959 would be $2,602,000. To convert the estimated 
total of 2,114,000 English-language records would cost nearly $3,200, 
OOO. Since this is approximately half of the entire LC record set, the 
cost of converting the whole set would be on the order of $7 million. 
The cost of systems design and software for a conversion system 
is estimated at $569,000 and is constant regardless of the number of 
records to be converted. The cost of hardware is based on the total 
number of records to be converted over a period of years and is there- 
fore an extremely complex factor. However, for purposes of this dis- 
cussion, the conversion, storage, and manipulation of the four million 
entries in the record set would require a two-shift computer system 
costing an estimated $7 million over an eight-year period. This system 
would support more than mere conversion operations; it would pro- 
vide equipment for a national bibliographical service. 
No matter how it is viewed, the total cost of retrospective con- 
version, including the cost of the systems design and software to ac- 
complish it and the cost of the hardware necessary to support a na- 
tional bibliographical service, is formidable. However, as has been 
said earlier, these costs seem far more reasonable and acceptable 
when viewed against the alternative, which is for each library to at- 
tempt to do its own conversion, a course which would produce a rich 
profusion of non-standard and incompatible records and systems at 
an enormous aggregate cost. 
Another element in the cost picture which deserves more emphasis 
than is given by the RECON Study is the fact that full-scale mechani- 
zation of the card distribution service, upon which LC has embarked, 
is dependent upon conversion of major portions of the retrospective 
record. There is no doubt that this dual use of the machine-readable 
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data base along with dual use of the hardware and software would 
make the costs a good deal more acceptable. It should also be em- 
phasized that a machine-readable data base will be a valuable prop- 
erty. It can be used to produce many kinds of marketable services 
and products which could contribute significantly to the support of 
the initial conversion as well as to the maintenance of the bibliographi- 
cal system that will be based on it. 
The Working Task Force recommended that the MARC distribution 
service be expanded as rapidly as possible to include all current cata- 
loging done by LC in order to arrest, or at least slow, the growth of 
the retrospective record. It suggested that the cost of this expansion, 
along with some of the cost of retrospective conversion, might be 
budgeted as part of Lc's regular operations, supplemented by grants 
and transferred funds. The research and development costs might 
well come from grants from private and governmental agencies with 
an interest in libraries. 
Fortunately, planning for retrospective conversion did not end with 
the completion and publication of the RECON Study. Continuing the 
momentum that had been generated, the Library of Congress applied 
for and received an Officer's Grant of $25,000 from the Council on 
Library Resources, Inc., to implement the first phase of a RECON 
Pilot Project. This grant was made to convert the 85,000 English-lan- 
guage monograph titles cataloged during 1968 and those English- 
language titles cataloged in 1969 but not included in the MARC dis- 
tribution service.13 The conversion will provide a practical situation 
to test and study the various conversion techniques as well as the 
concepts and techniques of partial-editing and format recognition as 
outlined in the RECON Study so that the best methods for future 
conversion efforts can be determined. In addition, a representative 
sample of from five to ten thousand older titles in English and other 
Roman-alphabet languages will be drawn from the record set for fur- 
ther detailed analysis and testing. 
Thus, the important task of retrospective conversion is moving from 
the study stage to active experimentation in the form of a pilot proj- 
ect. Experience with library automation has shown that this method 
of proceeding in stages is the one most likely to be successful in ac- 
complishing a difficult and complex task. The development of the 
MARC I1 format and distribution service followed a similar pattern 
with excellent results. 
The RECON Study leaves many technical, organizational, and pro- 
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cedural questions unanswered. How can such a massive file be organ- 
ized and maintained efficiently and effectively? How can the data 
base be expanded into a true national bibliographical system with lo-
cations? How can other libraries draw entries from the data base for 
their own use and add their unique holdings to it? How will serial 
entries be handled? In what forms and on what financial basis will 
the data be distributed to libraries as well as to firms desiring to ex-
ploit its commercial possibilities? 
Some of these questions will be answered by the first phase of the 
RECON Pilot Project; others will be answered only in later phases. 
In any case, despite the numerous problems and islands of ignorance 
that remain, a signscant beginning has been made on the task of 
converting Lc‘s retrospective bibliographical file to machine-readable 
form, and cautious optimisni is in order. 
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Methods and Research for Design of 
Infor ma tion Networks 
V L A D I M I R S L A M E C K A 
THISARTICLE C O N C E R N S  questions of research ap- 
propriate to the design of networks of library and information services 
and is organized into four sections, The first section reviews a selection 
of previous statements on research areas held relevant and important 
to the design of library and information networks and suggests a de- 
rived functional framework into which most of these viewpoints can 
be accommodated. The second section briefly distinguishes be-
tween two basic goals of information network design, and it charac- 
terizes their respective design approaches in terms of methodology. 
In the third part, information networks are postulated which assume 
the accepted present-day premises of library and information service 
objectives, and the research effort conducive to the design of such 
networks is discussed. The last section of the paper attempts to indi- 
cate major assignments for research in the design of information net- 
works which extend the scope of current information services and 
objectives. 
With varying degrees of conviction and emphasis, research on in- 
formation service systems and networks has usually been viewed as a 
necessary or desirable component of efforts, the goal of which is the 
design of such systems and networks. If the role and topical direction 
of such research were to be summarized in a single sentence, it would 
be difEicult to do so more concisely or encornpassingly than does the 
statement made in 1960 in the U.S. Senate: “The most pressing need 
therefore is for the development of reliable methods for studying and 
assessing requirements, for determining the role of information and 
information services in science, and for measuring the value of infor- 
mation and the utility and effectiveness of present and proposed serv- 
ices.” 
Vladimir Slamecka is Professor and Director, School of Information and Computer 
Science, Georgia Institute of Technology, Atlanta. 
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The following sample of comments on the role and the areas of re-
search relative to the design of library and information service systems 
and networks represents viewpoints which are consensuses rather than 
opinions of individuals. These comments demonstrate varying degrees 
of concern by the profession and by the scientific community, and 
they impart an overview of problem areas and of approaches to 
solutions which these groups have considered significant. ( N o  attempt 
is made in this paper to review or summarize recent and current re- 
search on issues relevant to information networks; the reader is re- 
ferred to several publications which accomplish this task quite well. ) 
Two types of comments are especially indicative: those emanating 
from reflective deliberations of qualified study groups and committees, 
and those underlying large-scale experimental efforts in the direction 
of modern information-sharing networks. 
Project Intrex, conceived in 1965, partially qualifies among the latter 
efforts. Although planned primarily as a program of experiments 
addressed to the broad problem of access to bibliographic materials 
and conducted in an atmosphere of a model library, it proposed to 
“explore a range of ideas designed to promote the integration of uni- 
versity libraries into the national (and, ultimately, international ) net-
work of information centers.” 3 The suggested direction was to develop 
a direct, inexpensive interface with any citation retrieval service, such 
as that of the National Library of Medicine or the National Aeronau- 
tics and Space Administration, and to be available to the M.I.T. com- 
munity as well as to a variety of other users. A supporting program 
of research mentioned by the Intrex planners was to attack “the primi- 
tive state of two critical items: [computer] consoles and interaction 
languages.”3 
A study conducted by the Interuniversity Communications Coun- 
cil (EDUCOM) in the summer of 1966, began to explore the estab- 
lishment and operation of information networks with an enumeration 
of a few key problems or problem areas, including those of formal 
organization, financial support, standardization and quality control, 
copyright, evaluation of operation, and the roles of the individual and 
the community, The study produced a technical plan for the estab- 
lishment and evaluation of a pilot national information network, im- 
plying that the state of the art had sufficiently progressed to permit 
its design and experimental operation. However, another EDUCOM 
conference, held in the fall of 1967, discussed the need for more ac- 
curate data relating to the decision on the storage medium for textual 
LIBRARY TREhQS[ 5521 
Design of Information Networks 
portions of library collections; subsequently, EDUCOM announced 
it would study numerous different characteris tics of physical informa- 
tion records prior to considering the design of experimental equipment 
and conducting experiments, tests, or studiese6 
The Bolt, Beranek and Newman study for the Council on Library Re- 
sources, Inc., on concepts and problems of future libraries ‘urged ad- 
vancements of relevant sectors of technology through the mechanism 
of positive interaction among the disciplines of library science, com- 
puter science, systems science, and the behavioral and social sciences. 
Concerned primarily with the incorporation into information services 
of procognitive functions, the report identified the following needed 
research efforts : the determination of basic characteristics of the rele- 
vant network that interrelates the elements of the fund of knowledge 
(that is to say, the development of an effective, formal analytical 
semantics); the development of advanced memory systems likely to 
come from studies of higher order associative memories; the develop- 
ment of fast processors for manipulating complex information repre- 
sentations and structures; the development of advanced displays and 
control for man/computer interaction; the development of procedure- 
oriented, field-oriented, and user-oriented languages with which to 
control the processing and application of the body of knowledge; an 
understanding of machine processing of natural languages; and the 
development of multiple-access computer systems. 
The Carter report provides a brief review of the feelings on re- 
search by those groups and individuals who concerned themselves 
with the issues and plans of national document systems. Summarizing 
the discussions of further needed research in fifteen such plans offered 
up to 1967, the report states: 
The most frequent recommendation was to develop “standards” of 
one kind or another (e.g., standards for indexing, abstracting, com- 
munications, hardware, cataloging). A notable feature of these 
recommendations was that the plans called for what was to be 
standardized, but made no recommendations about how this was 
to be accomplished. The next most frequently mentioned areas for 
additional research were those of developing educational curricula 
and of studying the needs for better equipment and facilities, Other 
important topics proposed for research and investigation included: 
( 1) Informal communications. (2)  User needs and characteristics. 
(3 )  Inventories of libraries and other information resources, (4) 
Improvement of publications and technical writing. (5) Copyright 
and patent problems. (6 ) Classified and proprietary information.8 
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The Carter report itself was concerned primarily with organiza- 
tional issues; it did, however, recognize research as an important 
function of the “capping agency” (which would manage the design and 
operation of the national document system), and called in its basic 
propositions for a “balanced program that will give appropriate weight 
to all aspects of the necessary research and development.” It proceeded 
to single out the following among the areas of most pressing current 
needs for research: user studies to determine both the recognized and 
the unrecognized needs of users; document representations by both 
manual and automated means; evaluation tools and techniques for 
assessing the adequacy of information systems; communication of 
information to clarify the role of documentation and other media of 
information transfer; and equipment for the storage, manipulation and 
transmission of information to users. 
The most recent consideration of research needs relative to the 
pressing national problem of scientific and technical communication 
was offered by the Committee on Scientific and Technical Communi- 
cations ( SATCOM) of the National Academy of Sciences-National 
Academy of Engineering. (Of the previous policy milestones in science 
communication, the 1963 report of the President’s Science Advisory 
Committee, the Weinberg Report, avoided specific recommendations on 
needed research areas, aside from urging all organizations concerned 
with technical information to investigate the new techniques and 
ideas and giving its approval to “practical tests of new modes of techni- 
cal communication.”9 In the 1965 report on a national information 
network in science and technology issued by the Committee on Scien- 
tific and Technical Information,lo COSATI was particularly concerned 
with indexing and abstracting costs and effectiveness. ) The SATCOM 
study,ll which concerns itself with many of the issues of the Wein- 
berg Report, repeatedly harped on the lack of understanding concern- 
ing communications research and of data on various systems aspects 
of the process of scientific and technical communication. As for de- 
sirable areas of research, SATCOM recommended several areas of 
study, research and experiments, including the following: compre- 
hensive analyses and experiments on the functioning of different parts 
of the scientific and technical communication network and on its over- 
all operation, the development of measures of the value of information 
services and ways of overcoming user apathy or resistance, experi- 
ments involving the use of the computer in conjunction with human 
workers for the preparation of indexes, the development and evalua- 
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tion of languages for describing the formats of files and other types 
of digital communication systems, and the development of standard 
structures for each widely used bibliographic documentary informa-
tion element. SATCOM further urged scientific and technical societies 
to participate in research, recommended large-scale experiments, and 
suggested that the federal government establish a single group to plan 
a unified program of critical experiments of operational scale. 
It would be unfair to expect from any of these well motivated and 
knowledgeable quarters a definitive discussion of research require- 
ments : some were concerned with narrower, usually political, aspects 
of information networks, and a few with the broader problems of 
scientific and technical communication. In addition to these eclectic 
consensuses, numerous personal opinions on research stand recorded 
by individuals from diverse walks of life. Predictably, they are un- 
even in both purpose and content, ranging all over the research map 
(and even rejecting it as either irrelevant or resolved), Jointly, how- 
ever, these discussions strongly imply that there has been no attempt 
made so far to provide a reasonably detailed outline of the social, 
technical and management problems whose solution is necessary and 
sufficient for the design of advanced information networks. 
To understand the reason for the absence of a research plan and 
schedule, or even of a research manifesto, it is helpful to consider the 
dual form in which research can exist. These two forms are perhaps 
best illustrated by an analogy which contrasts the self-directed, 
sporadic and spontaneous research in the aerospace and aerospace 
materials sciences before 1960 and the defined, planned research effort 
in these sciences under the Apollo program of NASA. The distinction 
lies, of course, in the degree of definition of the research purpose and 
mission. The absence of a comprehensive research schedule for the 
design of advanced information networks thus infers a lack of technical 
plans to implement such networks. 
What is the range of the research areas which bear on the design of 
library and information networks? Table 1attempts to suggest a frame- 
work for placing social, technical and administrative considerations 
into a functional, discipline-oriented relationship. While nearly all calls 
for research fall into this framework, there is less agreement on the 
relative value of individual areas and topics, 
A plan to design and implement an advanced network of library 
and information services is actually a statement expressing known re-
lations and dependencies of significant component activities and pro- 
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cesses of the task. Once such a plan has been drawn up, it is relatively 
easy to identify what problems, if any, should or must be researched. 
In the absence of a plan, however, discussions of proposed or neces- 
sary research should at least outline the concept or form of the infor- 
mation network to which they refer; without such an outline, the ques- 
tion of research need and value often remains open. 
For the purpose of our discussion, a generalized concept of library 
and information networks may be given in terms which are reasonably 
familiar. As its basis, we assume the existence of a physical network 
of information processing devices communicating in a machine-to-
machine mode. This network forms a physical substratum which pro- 
vides a switching capability permitting people and machines to access 
a variety of partially compatible information and data banks. The 
content of these banks then can be maintained and manipulated by 
means of instructions stored in programs, or conversationally from 
local or distant inquiry stations, to provide a range of information 
products and services. Since commercial as well as military data com- 
munications networks are under advanced development in the United 
States, mechanized library and information networks are undoubtedly 
technically feasible. 
Table 1.Research Areas Relating to Design of Networks for 

Library and Information Services 

A. SOCZAL SCIENCES 
1. Environment 
Functions and relations of component agencies in the network 
Identification of new services 
Political, legislative and legal considerations 
Effects on man, society, science 
2. Market 
Identification and description 

Information requirements and uses 

3. Manpower 
Personnel requirements and characteristics 






Management: planning, operations, control 
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B. INFORMATION SCIENCES 
1. Theory of Information 
Semiotics (syntax, semantics, pragmatics of natural and arti- 
ficial languages ) 
Information processes (generation, collection, coding, organi- 
zation, transmission, transformation, storage, use) 
Information measures 
2. Human Engineering 
Man-machine communication 

Man as information processor 

3. 	 Information Processing Technology 

Hardware design and operating characteristics 





4. Information Systems Engineering 

Information systems properties ( structure, behavior) 

Information systems analysis and synthesis 

Methodologies of complex systems design evaluation 

Economics of information systems and networks 
Management of design and operations 
The development of advanced networks of library and information 
services can proceed via two principal approaches. If services and 
systems of services already exist whose objectives and functions are 
acceptable, the development of a network amounts to a transition from 
the present-day state of these services to a higher level. The primary 
goal of this development is then an improvement in the eficiency of 
the system processes and performance. 
The extreme of the alternate approach begins with a formulation of 
new objectives and functions for a system yet to be designed. The 
designer follows a procedure which embodies rigorous elements of 
the scientifk method. For systems of information services, this pro- 
cedure contains the following sequence of three phases: 
1) Assessment of the market 

definition of market 

identification of information uses 
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In contrast, the redesign of systems of services which retain their basic 
objectives and functions involves the second and more often, only the 
third phase, 
Using this distinction of approach, we can conveniently identify 
and distinguish between design efforts which propose (and are re- 
stricted to) the improvement of efficiency of existing information 
services, and those which seek new objectives as the basis for their 
services and systems. The thesis elaborated in this article is that the two 
goals and approaches impose different roles and challenges on re-
search. 
When reviewing the methodologies utilized in present-day ongoing 
designs of library and information networks, it becomes apparent that 
they are primarily concerned with redesigns of systems of existing 
services. While these redesign efforts frequently entail an upgrading 
of some parameters of existing services (e.g., speed, comprehensive- 
ness, etc.), the consideration of new services and especially of new 
markets is conspicuously absent from ongoing activities in library 
and information networking. 
It is not difficult to find an explanation for this phenomenon: there 
are already in existence complex systems consisting of bibliographic 
information banks, products and services, vendors, and of generators 
and users of information, It is also not difficult to find a justification 
for the redesign or continued development of these systems. Although 
some parameters of their services are admittedly suboptimal, their im- 
provement appears feasible via applications of newer technologies and 
organizational approaches, The justification for further investment in 
these systems can be argued even in the face of the difficulty of assess- 
ing the temporal economic value of their services since they are a 
significant component of the process of codification of human knowl- 
edge in that they create an external memory for mankind to aid in 
the carrying out of numerous human functions and activities. The 
bibliographic function clearly belongs among those which appear very 
desirable for society to sustain. 
The currently attempted and planned networking activities in the 
library and information professions have as their goal an introduction 
LIBRARY TReNDS[ 558 1 
Design of Information Networks 
of greater efficiencies in the existing and assumed functions of biblio- 
graphic control and services. These efficiencies are to be derived 
through the sharing or networking of various selected processes and 
of data in existing systems. The emerging networks will thus provide 
for centralized bibliographic record-keeping on a geographical and/or 
subject basis; cooperative acquisitioning and technical processing of 
materials; cooperative, coordinated production of various types of 
bibliographic aids; and optionally, for a capability of decentralized 
inquiry against compatible record files. While efficiency improvement 
of existing library and information services can be a desirable goal 
by itself, it is apparent that in accepting the objectives and premises 
of these services, the current networking designs are not concerned 
with fundamentally new approaches to improve the egectiveness of 
information communication in society. 
Since it appears that for the next several years we shall be com- 
mitted to a networking of existing library and information agencies 
and services, it is appropriate to ask what research is necessary or 
desirable to assist in this effort. The methods being used to induce 
efficiency are of two types: technical and organizational. The technical 
approach rests primarily in the mechanization of physical processes 
and their elements; the organizational method employs coordination, 
cooperation, and partial centralization. To the extent that the success 
of the current efforts at networking of services will be reflected by 
the efficiencies attained, the necessary or desirable research can be 
expected to relate principally to these two methods. The following few 
paragraphs briefly discuss indicated areas of research. 
The frequently stated design desideratum l2 that the information 
service systems accommodate the information communication process 
contiguously, exposes that a serious lack of knowledge lies at the inter- 
face of two system components. There is at present a discontinuity 
between these two components-the physical store or inventory of 
information and the media of access or directories to the store-which 
prevents a smooth and convenient transition and interaction between 
directories and documents or full-text information. ( The mechaniza- 
tion of directories tends to stress this discontinuity; whereas previously 
I had to walk from a card catalog into the stacks, the possibility of 
having a library catalog on microfiche in my office or on loan at home 
is a frustration like having a telephone book in a city without a tele- 
phone service.) In technical terms, the unresolved problems are the 
relation, roles, and the consequent development of the analog and 
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the digital technologies and their optimal symbiosis in a library and 
information network. There appears little doubt that for some time to 
come the two information forms, analog and digital, shall coexist in 
our information systems; there is a lack of clarity at the present time 
concerning the nature and boundaries of this relationship, and of the 
methods for viably tying both into our systems of services. 
A second area of technical research concerns the characterization of 
the traffic of information in bibliographic networks. Data are lacking 
on the types of communication which such a system can anticipate 
and on the distributions of the traffic between generators, vendors and 
users over various parameters. The actual configuration of the net- 
works is very much dependent on such assessments, as are reasonably 
accurate transmission requirements and the choice of transmission 
media (mail, cable, microwave), The doubts of the EDUCOM 1966 
study on information networks as to the “ability to produce anything 
meaningful without firm specification to traffic loads” l3 remain war- 
ranted. 
Another broad problem area is that of compatibility and standardi- 
zation. Although we must constrain both the system operator and user 
by rules, there clearly exists some freedom in slanting these constraints 
one way or the other. I t  might be asserted that constraints on the 
system input are less dangerous, technically more desirable, and in 
practice easier to implement than a stringent stifling of the users’ op- 
tions and of their not-so-consistent behavior patterns. What is not so 
clear, however, are the necessary minimum levels of standardization 
for either the system or the users, 
The basis of the problem of compatibility lies in the behavioral pat- 
terns of humans with respect to their uses of information, and more 
fundamentally, in the properties and in human use of natural lan- 
guage. UItimately, the criteria for the standardization of all system 
elements must be derived from studies of these areas a t  research 
levels which are only now being unfolded (e.g., semiotics). Mean- 
while, it is desirable to ascertain the dimension of the actual need to 
switch automatically from one information file to another; to investi- 
gate authoritatively the several methods through which file convert- 
ibility can be implemented within and among information networks; 
and to propose, as a minimum, the design specifications for a file- 
description and inquiry language or languages. 
A second category of desirable research concerns questions of politi- 
cal and organizational nature, It is clear that major efficiencies in the 
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existing library and information systems can be realized at the level 
of cooperative networking. The types, sizes and characteristics of 
these networks are subject to an interplay of a variety of factors- 
political, economic, geographic, and human. Thoughtful analyses of 
the possible, desirable and permissible categories of networks and net- 
work nodes should yield another element of the data necessary for 
the systematic development of a national network. 
A major threat of delay to the networking of library and information 
services appears to be the less-than-enthusiastic attitude of the de- 
cision-making echelons of the library profession. It is improbable that 
this attitude can be dissolved solely by standard management tech- 
niques which apply political pressures or through financial incentives 
which may encourage divisiveness. We must recognize the serious 
social overtones inherent in this resistance to networking and mechani- 
zation, as well as the symptom of a profession in crisis. I t  is perhaps 
here, in the area of social science research in librarianship, that a most 
urgent effort is vital in order to find new directions for a profession 
in transition. 
I t  should be observed, concomitantly with the identification of sev- 
eral areas of propitious research, that the state of the art is sufficiently 
advanced to warrant the development of existing library and informa- 
tion systems in the direction of networking their services. Impressive 
information processing and communication devices are available; the 
techniques to store and manipulate infomation are given, although not 
in anything near an adequate supply; progress exists in the develop- 
ment of machine-readable resources; encouraging agreements are re- 
corded on common formats of principal elements of the bibliographic 
inventory, The principal question to be asked and answered today then 
must be the following: What level of network design and implementa- 
tion is presently justified? 
In part, this is a technical question, and research in the areas de- 
scribed above should be formulated so as to provide the required 
answers, To the extent that the question is related to the possible 
levels of efficiency in existing information services, it is a question of 
cost and of return on the investment. To give meaningful answers, 
it is necessary to ascertain and make known the operating costs of 
existing library and information services; the design and operating 
costs of alternate designs of several logical levels of service networks; 
and a plausible assessment of the apparent desirability and value of 
the service improvements which such designs make available to users. 
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Given such cost analyses and continuing to accept the assumed 
premises of the social and economic value of our information services 
and of their objectives, the direction and level of further development 
of our library and information systems can be indicated with authority. 
The incentive for this further development of information systems 
is attractive: the possibility of greater efficiencies in the inventory and 
distribution of information, in the maintenance of these repositories, 
and in the less tangible but positively favorable effects on information 
users. 
The relative intangibility of the effects on information users has, 
however, lately raised questions concerning the justification of pro- 
posals to implement information networks other than those of coopera- 
tive libraries. These questions point to the lack of consistent evidence 
that networking of present-day information systems will improve the 
eflectiueness of their services. More fundamentally, they question im- 
plicitly some of the premises which underlie the objectives of existing 
information services in that the objectives appear to be based on a 
“lack of knowledge and objective data about requirements, about the 
parameters of the problem, about the value of existing services and 
systems, about the effectiveness of these systems, about suitable tech- 
niques for measurement and evaluation, and about suitable criteria 
of effectiveness and value.” l4 The result is an impasse; while it seems 
probable that the physical communications platform being developed 
in the United States is technically capable of sustaining a nationwide 
network of library and information services, the would-be designers 
of this network are finding it difficult to justify its implementation. 
The inquiry into the objectives of present-day library and informa- 
tion systems and into the bases of their future development is founded 
on one searching issue-their value. The concern is a proper one since 
all of the parties involved-the users, the funders, and the designers- 
must desire that the further large-scale development of our systems 
of services be justifiable not only in terms of operating efficiency but 
also in terms of the effectiveness with which it meets its objectives. 
Apparently the value parameter of our design objectives must ring 
more convincingly. (The faint hope that the evidence of the low ex- 
ploitation of library and information materials and services is perhaps 
inadvertently in error, or that better techniques of system evaluation 
might reverse the negative conclusions, are not well founded.) 
Indeed, it appears that possibly the only way to proceed is to direct 
serious and conscientious research toward a category of design para- 
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meters which until now have been assumed or ignored, ie., the defini- 
tion of information markets, and the description of the information- 
using processes in these markets. The measure of effectiveness and 
the design of effective information services and of their nationwide 
network are predicated on this research mission of primary sig- 
nificance. 
The identification and description of markets is an early step in the 
design of any information service; the objectives and the functions of 
information systems are both dependent on an assessment of the target 
markets for their services. To be successful in the present-day climate 
which asserts that information is a resource having a significant utility 
potential, the information services should be directed at markets whose 
characteristics include at least one of the following: high volume or 
frequency of use, or high value of information used. 
Apart from the library cataloging and inventory-keeping functions, 
virtually all present-day systems of bibliographic services have a single 
market: the community concerned with scholarship, research, develop- 
ment, and production of either knowledge or goods. These systems 
dispense scientific and technical information to the scientific and tech- 
nical community, whether it be found in the university, government, 
industry, or the professions. 
The design of information services by the library and documenta- 
tion professions is predicated on the concept and model of scientific 
and technical communication as a process of continued information 
metamorphosis by a Gargantuan organism-the scientsc and industrial 
establishment-which thrives in proportion to its ability to digest its 
own product, information. It is logical to infer from this model that 
“new science and technology rest firmly on the base of information 
generated in the past,”15 and easy to accept as axiomatic the conclu- 
sion that the need for information services in this establishment is one 
of crucial importance and enormity of proportion. To the dismay of 
nearly everyone, however, this axiom has been found most difficult 
to uphold whenever it was put to the test. Much of the evidence 
produced by our professional studies of “information use” is actually 
contradictory to it. Why this perplexity? 
A British librarian, W. L. Saunders, recently made this observation: 
Much of our professional activity in university libraries is based on 
certain assumptions about the role and the significance of informa- 
tion and libraries in one very important branch of creative activity 
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-namely academic research and scholarship. I t  could well be that 
library services and “information” in the librarian’s sense make a 
very much smaller contribution to the creative process than we li- 
brarians like to believe.le 
Let us suggest why this could well be. Knowledge, or information, 
exists in two “memories”-one internal to the human mind, the other 
external to it. Man’s interaction with information can draw on both of 
these banks. The crude evidence we have about this interaction sug- 
gests that the researcher or engineer-in short, the creative man- 
draws very heavily on his own information bank (memory) and, often, 
on the internal information banks of the visible or invisible college 
of which he is a member. If we reflect that he automatically stores 
the information he produces in his internal memory, and that his sub- 
ject areas of interest or activity remain largely contiguous, it indeed 
becomes quite plausible that our creative man needs to resort to the 
external information bank only seldom, and that his need for our 
present forms of information services is far less frequent than we like 
to believe. The confusion between the reasonable axiom and the evi- 
dence contradicting it is one between the need for and the use of 
information (which is there, voluminous and frequent) and the need 
for and the use of extra-memory information services (which is there 
only at times). 
There are other factors at play, of course, such as motivation. How-
ever, if we accept the evidence that the a priori expectation of an 
overwhelming, continuous need and necessity in the creative elements 
of society for present-day information services is somewhat mythical, 
significant implications apply to our past and current activities, and 
serious assignments arise for our impending directions of research. 
A considerable research effort of the recent years has been moti- 
vated by the growing volume of disturbing data which suggest that 
the users of scientific and technical information are rather immune 
to both new and old information products and services. It was quickly 
accepted that the apparent low exploitation of these products and 
services must be a property of their design, to which assumption re- 
search responded vigorously with submolecular analyses of every 
imaginable variation on the format of information products and serv- 
ices, and on the techniques of their derivation, use and evaluation. The 
literature attests to hundreds of studies of cataloging, classification, 
indexing, abstracting, and retrieval theories, techniques and products, 
and to extensive investigations of precision and other measures of ap- 
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parent system performance and behavior. It is not intended here to 
deprecate the quality of the hundreds of man-years of research effort 
so invested, or to minimize the insights gained into information pro- 
cessing techniques, operating efficiency, and into the qualitative and 
quantitative relations among various system elements. At the same 
time, the inference is obvious that if the assumed characterization of 
the science information market incorrectly represented its process of 
information use, much of this research must be suspected of being 
irrelevant and redundant to the issue of information service effective- 
ness. 
Without dispute, the scientific and industrial community is one of 
the markets for library and information services, Meanwhile, it is a 
very timely question to ask what other, perhaps more lucrative markets, 
for science information are waiting to be served. Almost intuitively, 
such a market must be education. The acquisition of knowledge in 
an organized, codified form is the objective of education, and it may 
be viewed as a process of information transfer between the external 
and internally memories of the learner. The learning process invites ad- 
vanced information services and systems, and the technology-minded 
trend of development of this immense market has already brought it 
within our sphere of concern. 
I t  is probable that other information markets of the magnitude of 
education are waiting for recognition. If the information-handling pro- 
fession intends to become a service industry, market research and 
analysis are necessary to its planning and justification. The immediate 
and significant task for research is to formulate a program of percep- 
tive studies to identify such information markets, and to analyze their 
characteristics and their potential as customers of advanced informa- 
tion services and systems. 
The identification and description of information market character- 
istics must be accompanied by studies of the uses of information in 
these markets; information services and systems can be designed and 
operated successfully only if they meet well-defined requirements. 
That this has been recognized all along is attested to by the numerous 
“user studies” carried out over the past twenty-five years in nearly 
all parts of the world. Notwithstanding this effort, it is not inaccurate 
to observe that these studies have failed to define the informa- 
tion-using process of their subjects in a manner meaningful to 
the information system designer. The unwitting evidence of a 
discrepancy between presumed needs and actual use of scientific 
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information produced by these studies reduces, without ruling out, 
the possibility that existing or proposed information services can be 
made more effective (that is, that they can have a greater effect on the 
efficiency of scientific and technical work), What kind of research is 
then needed to provide better data on the information use require- 
ments by our markets? 
The awesome goal-to understand the working mechanism of the 
human mind-is obviously too formidable for a realistic research 
mission and unlikely to yield useful data in time to identify reliable 
design requirements for the next developmental phase of library and 
information systems. The desirable research level lies between this 
goal and the collecting of sporadic data on users information habits. 
Such a level is given, we believe, by a program of information-oriented 
studies into selected symbol manipulating processes of man. These 
functional processes are characteristic of our information markets: 
problem-solving of the research and development community, design 
of the engineering community, learning of education, decision making 
of management. The immediate objective of such a program of research 
is not so much elucidation of the functioning and behavior of the 
human mind (in the sense attempted by research in neurophysiology, 
bionics, etc.) as the intermediate sequential description of the func- 
tional components principally interacting in these processes: goals, 
methods, and data. 
Of greatest immediate interest in our analysis of requirements for 
the design of effective information services is the role which external 
information memories can serve in the interaction of these components 
of human symbol-manipulating processes. Offhand, certain differences 
in the process characteristics of various information markets are ob- 
vious. For example, the information-based process of learning draws 
heavily on external information memories. In contrast, the interaction 
with external information stores may be expected to be less frequent, 
less linear and, perhaps, less predictable in the case of the problem- 
solving, creative activity in science. A comprehensive categorization 
of the elements of information in these processes according to various 
parameters (form, purpose, function, frequency, dependency, preci- 
sion, value, and perhaps others) should permit an insight into both the 
requirements of user markets and the characteristics and structure of 
ow information repositories. Founded on such knowledge, the subse- 
quent phase-the design of information services and systems-will be 
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able to consider objectively questions on which today there exist only 
opinions. 
The suggested direction of research is also logical and appropriate 
to the technically and politically difficult question of effectiveness. The 
present-day lack of satisfactory approaches to the measurement of 
effectiveness and value of information services is a partial consequence 
of the relative fallacy of past user studies; it is obvious that the assess- 
ment of effectiveness of any service is objectively impossible without 
the knowledge of the specific requirements which such service proffers 
to meet. Once these requirements have been assessed, however, the 
question of information service and system effectiveness becomes tech- 
nical rather than speculative. 
An incidental result of the requirements analysis research could very 
well be a partial insight into a most difficult property of information 
measure-its value. The development of a pragmatic measure of in-
formation utility must rank as a most important task of information 
science research in the next decade. An adequate functional descrip- 
tion of the major information-using processes of man may, however, 
shift the responsibility for applying this measure on the information 
user, and away from the service designer and vendor. This is indeed de- 
sirable; the value of information is intrinsic to information processes 
and goals of users and society, and as such it must be only monitored, 
not determined, by the information industry. 
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